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IN the foliowiiig work Baron Licbig has given to tlie 
public his mature views on agiiculture» after sixteen 
years of expe'rimeiits and iLllcctiou. The fuudamoHtal 
basis of tlic work is still the so-called Mineral Theory, 
wliich holds that the food of plants is of inorganic 
nature, and tliat every one of ihu tk nients of food 
must be present in a soil for the proper growth of a 
plant. The discovery of the remarkable power of ab- 
sorption ])Ossessed by arable soils has necessarily led to 
a modiiication of the views regarding the mode in which 
plants take up their food from the soiL As the food of 
l)la]its cannot exi>t for any Icncrth of time in soliitiou iu 
soils, it is clear that there cannot be a circulation of 
such solution towards the roots, but the latter must go 
hi bcaixh of food. Ilence the great importance of 
studying the ramiHcation of the roots of plants, and 
the mode of growth of the different classes of plants 
cultivated by man. The first cliajjier is devoted to the 
consideration of the growth of plants, of the formation 
of their roots, and of their power of selecting food, 
and the part pltiyed by the mineral mattei-s wluch are 
absorbed. 

If the food of plants is not in solution in the ground, 
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we can conceive that those portions of the soil travei'sed 
by the numerous root ramifications will be more or less 
c'xliau^^tLHl uf food elemeiiUs, whilst the immediate neigh- 
bouring portions are still rich in them. If, therefore, a 
succeeding crop is to grow equally well on all parts 
of a iield, tliere iiuist be a thorough uiixiiig of the 
exhausted and of the unexhausted portions of soil This 
is eflected by mechanical means, by manures, or by 
certain clieniical componncls. Hence the ueceshity of 
becoming acquainted with the nature and properties of 
the soil and aubsoiL The second chapter is devoted to 
this subject. 

The soil consists of arable surface soil and subsoil. 
In the former is accumulated the nutriment of plants 
chiefly culiivaLetl lui- the food of mau. This accumula- 
tion is eHected by the absorptive power of the arable 
soil for mineral matters, by which soluble salts are 
idHovcel IVoiu solution, and even chemical decompo- 
sition of the most stable compounds is brought about» 
and the bases or acids are retained by the soil in a firm 
state of combination. It is the presence of food hi the 
soil in this state of physical combituition which is alone 
available for the nutrition of phmts. On the abundant 
or scanty supply of food in this state depends the fertility 
or sterility of a soil. In fertile soils food is present 
also in another form, in which it is not immediately 
available for the nutrition of pl:iiit>. Tt existe m 
chemical compounds whicli are not boluble in water, 
or acids until rendered so by the action of powerful 
chemicid agents, or to a much smaller extent by the 
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slower process of the decomposing action of the weather. 
When the food is ehminated by disiDtegTatiou (by £allow 
and Tiiechauiciil operations) Iroiii tliis inert state of 
chemical combination, it passes into that of physical 
combination mth the earthy particles before it is ab- 
sorbed by the plant. Each kind of soil has its own 
absorptive power for causing the food to pass into a 
state of physical combination. When manure is apphed, 
its greater or less dispersion tlirouirhoiit the soil will 
depend on this power, hi general it is absorbed and 
fixed by the upper few inches of the soil, a smaller 
quantity penetrates to the lower layers, and scarcely 
any at all to the deep layers and subsoil Hence when 
a BDbsoil is exhausted, manure cannot restore its fertility. 
From this peculiar property of soils of arresting the 
circulation of solutions of the food of plants, arises the 
necessity of employing means for the distribution of 
food, and for the uniforiii mixture of the dillei ent layers 
of the soiL The manner in which this is ellected by 
mechanical operations, by organic matter, by manures, 
by certain chemical salts, &c., is pointed out iu chapters 
second, thirds and twelfth. 

The quantity of fbod in- a state of physical eombina' 
iiun ill any fertile soil is only limited. Continuous 
cultivation without replacement of all the mineral matters 
removed in the crops destroys fertility, either by causing 
the absolute loss of the assimilable food, or by altering 
the proper relative proportions between the different 
elements of food, to such an extent that the due growth 
ol' all parts of the plant is altered. For the successful 
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growth of a plant in all its parts, every element of food 
is required. Not one substance has any superior fertilis- 
ing power over another. The average crop of an un- 
manured field is always regulated by that element of 
food which is present in minimum quantity. The effect 
of a manure when benelicial is merely to increase tlie 
relative proportion of this minifnum element. If the 
minimum matter was known in each case, its direct 
application would be suUicient to increase the fcrtihty 
of the soil. But as in general this point is not ascer- 
tained, the application of &rm-yard manure is certain 
in jiroduchig a fertihsing eflect, &iiji[>ly because it is a 
complex mixture containing €Ul the food elements of 
plants, and consequently whilst supplying other matters 
which arc not immediately wanted, it also furnishes the 
minimum substance. In chapter fourth, is discussed 
the question of this altered composition of the ground 
by cultivation. 

In chapter eleventh, the fact that not one of the 
elements of food by itself possesses any superior nutri- 
tive value over the others is further discussed. Nitro- 
genous food, like all the rest, must be present if a plant 
is to grow properly, but no excess of this element of 
fvod will of itself produce more abundant crops. The 
analyses of soils show that they abound in nitrogen. 
Were all other sources of this clement wantini;, 
there would still be a continued supply provid(xl for 
in rain and dew, and in the many processes of oxida- 
tion going on at the surface of the earth. Probably, 
wheiever we have a generation and cii'culatiou of au*- 
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bouie acid, there is also a provision for the formation of 
nitrogenous compounds. When Nature thus provides 
for a supply of nitrogen without the aid of man, it is 
likely that exhaustion of all other elements of food in 
the soil will take pkce by cultivation before this occurs 
with nitrogen* The inefficacy of the mass of nitrogen 
in the soil cannot be attributed to its existing in two 
forms» in one only of which it is assimilable. This is 
proved by experiments with soils and with ferm-yard 
manui'e. When the nitrogen of the soil is not available, 
some other cause must be sought for than its existence 
in a state in which it is sparinirly assimilable. This 
cause will be found to l>e the absence of some oilier 
elements of food^ which, upon being supphed, will at 
once render the seemingly inoperative nitrogen at once 
energetic. 

The duninution of the amount of available food 
elements m the arable surface soil, by the cultivation 

and sale of corn, necea^ji kites the restoration of the 
removed mineral matters. This is effected to a limited 
extent by foreign manuring agents, but chiefly by the 
formadon of manure by means of fodder plants. Bj 
the system of rotation, green crops which draw their 
nutriment from the subsoil are introduced between the 
cereals. By the deep penetrating roots of the Ibiiiier, 
the mineral matters of the subsoil are absorbed, and 
in the form of manure are transferred to the arable 
surface soil. But if this process continues, and the corn 
and cattle are still sold, and no replacement from without 
is made of the lost mmeral matters, the time will arrive. 
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sooner or later, when the subsoil becomes exhaufited, 
and the sur^e soil having no longer a ix;sei-voir from 
which to draw supplies by means of fodder plants, is 
also unable to bear remunerative crops. This natural 
progi'ess of the system of i'ann-yard manmmg is fully 
discussed in chapter fifth. The reader must not suppose 
that tlu* condemnation passed on tlie S3^stem of farm-yard 
manuring is meant to apply to farm-yard mauui*e it&cK 
The latter is the typ^ of a valuable manure which cannot 
be replaced in every respect by any artificial mixtures 
in use. The remarks of tlie author only apply to the 
fallacious hopes entertained of keeping up permanently 
the fertility of the soil by niauure oblaiuLd by the 
system of rotation, whilst we continue still to sell the 
com raised by such manure without bringing back to 
the soil any portion of tlie mineral matior sold with 
the corn and cattle. 

The excrements of man contain all the mineral matter 
not only of the corn, but also of the catt'e .sold from 
the land. Could we restore these cxcrenieuts to the 
soil, a perfect circulation of the conditions of life for 
plants and animals would be cstabHshed, and our liclds 
would be retained in a permanent state of fertihty. 
This problem has been solved by the Chinese and 
Japnnc^L'. Chinese rural life, as it is described by 
travellers^ as well as the report of the Japanese system 
of husbandry given in Appendix G. by Dr. Maron, 
would scarcely leiid us to wi^li for the improvement 
of agricuituie upon the plan (jf these Orientals! The 
requirements of modem civilisation would not permit 
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tbe purchase of manuring matter, however valuable, 
at tlie cost of all domcbtic eomfoit. Tlie sewers must, 
we fear, stUl receive what would be offensive to our 
English senses. But can the contents of these sewers 
not be made available ? The great mass of water which 
necessarily acoompanies at present the fertilising matters, 
renders them of comparatively little value when com- 
pared with the expense of traui^port* Uut how to 
separate and concentrate these matters tom the water 
is a problem which is at present occupying the earnest 
attention of scientihc and practical men. The solutions 
hitherto proposed are &i firom satis&ctory. The future 
of agriculture is, however, intimately connected with 
the right solution of this great sewage question. 

In conclusion, I have only to state that the foreign 
weights and measures have been, when necessary, trans- 
lated into their cquivi'ileutd in Eugiisli, but have been 
left unaltered when the point was only one of comparison, 
>vhich could'be equally illustrated by the foreign weights. 

J. BLYTH, M.D. 

Qvisic't CcnxioB, Coiix: 
March 16, 1863. 
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IN the sixteen years wiiich have intervened between 
this work and the sixth edition of my ^Chemistiy 
applied to Agricidturc luul l^liysiology/ I have had 
suihcient opportunity to become acquainted with all 
the obstacles which are opposed to the introduction 
of scientific teacliiiiL,' into the doiiiam of practical 
agriculture. Among the chief of these may be reckoned 
the complete separation which has always existed between 
science and practice- 
There has generally prevailed an idea that a smaller 
amount of information and intelligence is required for 
agricultural pursuits than for any other occupation ; nay, 
that the practical skill of the farmer is only likely to 
be injured when he has recourse to science. Whatever 
requires thought and relloction is regarded as theoiy, 
which being the opposite of practice, must, of course, be 
of little value. The natural result of such opinions is, 
tliat ^vhen the practical man does attempt to ap[)ly 
scientiiic teaching, he is almost invariably a sufferer. 
He seems altogether to forget that man does not become 
intuitively acquainted ^vith scientific teaching, which, 
Uke the skilful use of any complex instrument, must be 
learned. 
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The truth or error of the notions which guide our 
practice cannot, liowuver, be regarded as a matter of 
indifereuce. 

The more correct ideas which science hod given us of 

the growth of pluiits, and tlie part played in the })rocess 
by the soil, air, mechanical operations, and manure, is 
not regarded in the Ught of nn improvement by the 
practicid iiuin, simply because liis ignorance does not 
enable him to appreciate the information. Unable to 
find out the connection between scientific teaching and the 
plRiiomciui presented in his daily pursuit, lie naturally 
Gomes to the conclusion, from his point of view, that 
there really exists no connection between them. 

The practical agriculturist is guided by facts obseiTcd 
in his own neighbourhood for a long period; or, 
if his views are more comprehensive, he follows 
certain authoritiLS whose system of liusbandry is held 
to be the best. It never enters into his thoughts to 
submit this system to proof, for he has no standard of 
comparison at hand. What Thaer discovered to be 
useful in Moglin was held to be equally so for all 
Germany, and the fiicts which Lawes found to be true 
on a very small piece of land at llothamsLed have 
become axioms for all England. 

Under the dominion of tradition and of slavish sub- 
mission to authority, the practical man has lost the faculty 
of forming a right conception of the facts which daily 
pass before his eyes, and in the end can no longer 
distinguish facts from opinions. Hence, when science 
rejects his explanatiom of any particular facts^ it is 
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asserted that ihe facts are tkemaelves denied. If science 
declares that we have made progress in substituting 
for deiicieiit farm-yard uiauure its active ingredients, or 
that superphosphate of lime is no special manure for 
turnips nor ammonia for com, it is imagined that the 
utility of these substances is contested. 

Long disputes have arisen about misconceptions of 
this kind. The practical man does not understand the 
infcrc'ucL'S of science, and considers himself bound to 
defend his own views. The contest is not about scientific 
principles, which he does not understand, but about the 
false conceptions lie Jias i'oi incd of tliem. 

Until this contest is ended by agriculturists themselves 
taking an active part in the matter, science can offer no 
effectual aid. I am doubtful if this time has yet aiTived. 
I build my hopes, however, on the young generation 
who enter upon practice with a different preparation 
from their fathers. As for myself, I have roticlied the 
age when the elements of the mortal body betray a 
certain tendency to commence a new circle of action, 
when we begin to tliink about putting our house in 
order, and must defer to no later period what we have 
still to say. 

As every investigation in agriculture requires a year 
before we have all the facts before us, I have scarcely 
any prospect of living to see the results of my teaching. 
The only thing that remains for me to do, under these 
circumstances, is to place my views in such a manner 
before the public, that there can be no possibility of 
misconception on the pait of those who will give tlicm- 
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selves tlic trouble of becoming thoroughly acquainted 
with them. 

Mmiy have reproached me with imjustly condemning 
modern agriculture as a s}'stem of exhaustion. From 
the communications addressed to me by many agricul- 
turists as to their system of husbandjy, I nmst exempt 
them from such an accusation. There are, however, 
but few among the general body who really know the 
true condition of their soil. 

I have never yet met with an agriculturist who kept a 
ledger, as is done as a matter of course in other industrial 
pursuits, in whicli the debtor and creditor accoiuit of 
every acre of land is entered. 

The o})iuions of practical men seem to be inherited 
like some inveterate disease. Each regards agriculture 
from his own narrow j)oint of view, and forms liis con- 
clusions of the proceedings of othei*s from what he does 
himself. 

JUSTUS YON LIEBIG. 



Mi xicii : March 1863. 
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CHAPTER L 

THE PLANT. 

CkemicAl and cosmic conditions of the life of plants — Conditions for tlio 
genninatioii of tin; fioe'l ; nioistiiro and oxvcron, their action — lullnoncc of 
the seed in tho formation of tlu' or^nm.s of absorption, nnd tho pro(luctif)U 
of varieties j intiuence of climate and soil in producing vaurieties — Im- 
portanoe of a knowledge of the developemoDt of roots; ndieilkii ci 
diflhrent plants ^Compariaon of the process of T^getation in annual, 
hiennial and perennial plants — Growth of the asparagus, as an example 
of a perennial plant ; storing of reserve food in its underground organs ; 
use of this store — Meadow and woody plants — Growth of biennial 
plants; turnipe: Anderson's experiments — Growth of annual plants; 
iummer plants: tobacco; winter wheat, its derelopement like biennial 
plants; oats ; Arcndt^s experiments ; Knopp*s experiments with maize in 
flower — Thp pr» ttoplastera (matter for forming cells); conditions for its 
formation: KouHsingault's e-vjioriments; organic processes in plants, 
directed to the formation of the protopla^cra — Absorption of food by 
plants not an oanuitiG process; marine-plants; duck-wesd; land^plants; 
Hsle*a experiments on albsorptian by the roots and evaporation firam the 
leaves — Power of ^hf^ rn--\t to oxrlmle certain substances from absorption 
not abwluto; Forchhnnimer, Knopp — Comportment of the roots of land 
Mid water plants to solutions of salts ; De Saussure, Schloasberger ; com- 
portment of land-plants to solutions of salts in the soil — Use of those 
mineral matters which are constant in diffintent spedes of plants: iron, 
magnesia, iodine, and chlorine compounds — Absorption of matte rs by 
plants ftom the siirrotmding medium : influonco of the consumption of them 
by the plant ; part played by the roots in their absorption. 

rpO obtain a clear view of the theory and practice of 
Agriculture, we must keep in mind the most general 
chemical conditions of the life of plants. 

B 
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Plants contain combustible and inoombu8til)lo consti- 
tueutii. Of the latter, which compose the ash left by all 
parts of a plant on combustion, the most essential ele- 
ments are — pimpkorie ocui, aulpkarie aad^ silidc acid^ 
potash^ soda, lime, magnma, iron^ and chloride of sodium. 

The combustible constituents are derived from carbonic 
acid, ammonia, sulphuric acidf and icater. 

By the vital process of vegetation, the body of the 
plant is formed from these materials, which are therefore 
called the food of plants. All the materials constituting 
tlie food of our cultivated plants belong to the mineral 
kingdom. The gaseous elements are absorbed by the 
leaves, the fj^ed elements by the roots ; the former, 
however, being often ccmstituents of the soil also, may 
reach the plant by the roots, as well as by the leaves. 

The gaseous elements form component parts of the at- 
mosphere, and arc, from tlieir nature, in eontinuiil motion. 
The lixed elements are, in the case of land-plants, consti- 
tuents of the soil, and cannot of themselves leave the spot 
in whidi they are found. The cosmic conditions of vege- 
table life are heat and sunlight 

By the cooperation of the (v>.vm?c and tlie chemical con- 
ditions, the perfect plant is developed from the genn or 
seed* The seed contains, within its own substance, the 
elements required to form the organs which are intended 
to take up food from the air and the soil. These elements 
are nitrogenous substances, similar in composition to the 
casein of milk or the albumen of the blood ; and also 
starch, &t, gum, or sugar, with a certain quantity of earthy 
phosphates and alkaline salts. The &rinaceous body, or 
so-called albumen, of the seed of com, as also the consti- 
tuents of the cotyledons in leguminous plants, become the 
roots and leaves of the nascent plant. If corn-seeds are 
set to germinate in water, and allowed to grow upon a 
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glass plate furnished with fine perforations, through which 
the rootB may reach the water, the grain will go on grow- 
ing for several weeks without receiving any incombustible 
element of food or any constituent of the soil. After three 
or four weeks the apex of tlie hist leaf is seen to turn 
yellow ; and upon examining the seed, nothing but an 
empty akin is found, for the starch has disappeared to- 
gether with the cellulose (Mitscherlich). However, the 
plant does not die away, but new leaves are produced, 
often also a feeble stalk ; the constituents of tlie first- 
Ibrmed, but now withering, leaves being applied to the 
formation of fresh shoote. 

Under favourable circumstances, seeds with very large 
and vigorous cotyledons abounding in nutritive matter 
(e. g. beans) may, by vegt^atic^n in water alone, be got to 
Slower — nay, even actually to produce small seeds ; this 
developement, however, is mostly unattended by a per- 
ceptible increase of substance, but depends solely upon a 
mere transposition of the elements of the seed. 

Nutrition is a })rocess by which food is assimilated ; a 
plant grows when its mass is augmented, and its myms 
ia increased by absorbing materials from without, which 
ta% from their nature, suited to become constituent 
elements of the body of the plant, and to sustain those 
functions upon which their assimilation depcuids. 

The bud on a potato-tuber stands in the same relation 
to the constituents of the tuber as the germ in a corn- 
seed does to the ^aiinaceous matter of the albumen. 
While the bud is developed in the formation of the 
young plant, the amyliim and the nitrogenous and 
mineral constituents of the sap of the tuber are employed 
to form the young branches and leaves. A potato, 
which lay wrapt up in thick paper, in a box, in the 
Chmnical laboratory at Giessen — in a place absolutely 
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dark, dry, aud wanii, where the atniofiphere was seldom 
chnnged — was found to have produced, from each bud, 
a ample white shoot many feet long, ehowing no traces 
of leaves, but covered with htmdreds of minute potatoes, 
which exhibited the same internul structure as tubers 
grown in a field; tlie cells consisted of cellulose, and 
were Med with minute starch granules. It is certain 
that the starch of the mother tuber, to have moved away 
from its position, must have become soluble ; but it is 
equally clear that in the developemciit of the shoots a 
cause was operative witliin them, whicli (in the absence 
of all outward causes whereon growth depends) recon- 
verted the dissolved constituents of the mother tuber 
into cellulose and starch granules. 

The conditions required for the germination of a seed 
are — moisture, a certain degree of heat, and access of 
air ; where one of these conditions is excluded, the seed 
will not germinate. By the influence of the moisture 
which the seed absorbs, and which causes it to swell, a 
chemical action takes place in it ; one of the nitrogenous 
constituents acts upon the (Hhers, and upon the amylum, 
so that by a transposition of the elementniy particles, 
the constituents are rendered soluble; the gluten is 
converted into v^etable albumen ; the amylum and oil 
into sugar. If the oxygen of the air is excluded, the 
changes either do not take plax'e or they proceed in a 
different way. The seeds of land-plants, when submersed 
under water, or placed in a soil covered with stagnant 
water, which excludes the air, will not put forth their 
plumules. This is the cause why many seeds, lying deep 
in the ground or in l)Ogs, will remain for many years 
without germinating, although the conditions of moisture 
and temperature be favourable. It is often found that 
earth taken up from bogs^ or brought up by the plough 
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from the deep subsoil, and exposed to the atmosphere, 
beeomes covered with vegetation, arising from seeds 
which, for their developement, required free access of air. 

Lowncss of temperature tends to annul or retard llie 
mliuence of the air upon the process of germination; 
whilst increase of temperature, with a proper supply of 
moisture, accelerates the chemical changes in the seed. 
No seed germinates below 32^ Fahrenheit; each ger- 
minates at a definite temperature, and therefore in fixed 
seasons of the year. The seeds of Vicia faba, Phaseolns 
vulgaris, and tlie poppy, lose the power of germinating 
when dried at Qd"" Fahrenheit; while barley, maize, 
lentil, hemp, and lettuce seed retain the power at that 
heat ; but wheat, rye, vetch, and cabbage seed will 
gejMiiuate even at 158° Fahrenheit. 

Dinmg germ i nation, oxygen is taken up from the air 
around the seed, and an equal volume of carbonic add is 
evolved* 

If seeds are set to germinate in glasses, with a slip of 
litmus paper fastened on the inside, the paper is red- 
dened, often after a very short time, owing to the dis- 
engagement of acetic add : the most abundant and rapid 
evolution of free add was found to take place in the 
germination of cruciferous plants, cabbage, and rape- 
seed (Becquerel, Edwards). Cert<iin it is that the fluid 
contents of the cells of the rootis, as well as the sap of 
most plants, have an add reaction, from the presence of a 
non-volatile add ; the sap of the young spring shoots of 
the vine yields, upon evaporation, an abundant crystallisa- 
tion of bitartrate of })ota.sh. 

By the experiments of Decandolle and Macaire, whidi 
have not yet been controverted, it was shown that vigorous 
plants of ChondriUa murtUia and Phaaeokta tn«/^am which 
had been taken from the ground, with their roots, and 



Digitized by Google 



THE PLANT. 



were allowed to vegetate in water, imparted to tlie water, 
aiter a week's tmv. a yellowish tint, a smell like that of 
opium, and a harsh taste: whereas when the root was 
cut off* at the stalk and both were placed in water, no 
such siib^tiinces were giveu off as those which the euliie 
plant had yielded. 

Lettuces and other plants, when taken out of the 
ground, and, with their roots previously washed clean, 
are allowed to vegetate in blue litmus tincture, will con- 
tinue to grow in the liquid, apparently at the expense of 
the constituents of the lower leaves, which wither away. 
After three or four days the Utmus tincture assumes a red 
colour, which, however, disappears again upon boihng the 
fluid : this would seem to indicate that the roots had given 
off carbonic acid. If the plants are left longer in the 
litmus tincture, the latter suffers decomposition, and be- 
comes neutral and colourless, while the colouring matter, 
separating in flakes, gathers round the fibres of the 
roots. 

The developement of a plant depends upon its first 
radication, and the choice of proper seeds is therefore of 
the highest importance for the future plant. A crop of 
the same wheat, reaped in the same year, and from the 
same field, will exhibit difierences in the size of the 
grains, some being larger, others smaller; and among 
both kinds, some when broken up will present a mealy, 
uUiers a horny appearance, the one being more, the otiiers 
less completely developed. The cause is this — that the 
stalks in the same field do not all shoot into ear and 
flower at the same time, and that some of them produce 
seeds much more maturely than others : lience the seeds 
of the one are far more developed, even in unfavourable 
weather, than the seeds of the others. A mixture of 
seeds unequal in their developement, or difiering in the 
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quantities of amylum, gluten, and in organic nmttei-s which 
thej severally coutaiji, will produce a crop of plants as 
unequal in their developanent aa the original seeds from 
-which they sprung. 

The strength and number of the roots and Ilcivcs formed 
in the process of germination are (as regards the non- 
nitrogeDous constituents) in direct proportion to the 
amoiint of amyhim in the <»iginal seed. A seed poor 
in amyhun will, indeed, germinate in the same Cushion as 
another seed abounding in it ; but by the time the former 
hiis succeeded, by the absorption of food from without, in 
producing roots and leaves as strong and numerous, the 
plant grown from the more amylaceous seed is again just 
as much more advanced in growth ; its food-absorbing 
8urfiu» was larger from the beginning, and the growth of 
tlie young plant is in like proportion. 

Poor and sickly seeds will produce stunted plants, 
which again will yield seeds bearing in a great measure 
the same character. 

The horticulturist knows the natural relation which the 
condition of the seed bears to tlic f)roduction of a plant, 
which IS to possess all or only some pro})erties of the 
species : just as the cattle-breeder, who, with a view to pro- 
pagation and increase of stock, selects only the healthiest 
and best-ibrmed animals for Ids pturpose; the gardener 
is aware that the flat and shining seeds in the ]X)d of a , 
stock gilly- flower will give tall plants with single fiowersi, ( 
while the shhveUied seeds will furnish low plants with j 
double flowers throughout 

The influence of soil and dimate gives rise to diflerent 
varieties of plants, which, Hke races, are possessed of 
certain pecnliarities, and are propagated by means of seed, 
as long as the conditions remmn the same. Planted in 
another soil, or in a different climate, the new variety will 
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lose again some one or other of its distinguishing cbarac- 

te'ristics. 

Tlie iiiilueuce exerted by the condition of the soil in 
producing varieties of plants is observed most frequently 
with seeds that pass undigested through the intestinal 
canal of animals which have eaten them, and then receive 
a different uiaiiui ing, according to the various nature of 
the excrenieiiLs of divers animals with which they are 
returned to the soil : an instance is afforded by the 
Byrsonima verhcudfolia (v. Martius). 

In the selection of seeds for planting, it is always 
important to take into account the soil and climate from 
which thev have V^ocn derived. In En^hind .-^eed-wlu-at 
from a poor soil is considered particularly well suited to a 
rich soil ; rape-seed grown in colder regions or situations 
is sure to give a good crop in warmer localities. Clover 
seed and oats Irom mountainous districts are preferred to 
the same seeds from plains. Wlieat in>iii Odessa and 
from South Hinigaiy is essteemed in colder regions also. 
The planters on the Upper Bhine import their hemp-seed 
from Bologna and Eerrara. 

In like manner many German flax-growers» who wish 
to produce ttUl plants of uniform size, attach particular 
value to linseed from Couriand and Livonia, where tlie 
soil and the nature of the climate, especially the short 
hot summer, bring the flowering and fruit time near 
together ; so that the flowers, being simultaneously and 
uniformly fructified, produce ripe and perfect seeds. 

Evc;ryoTie knows how much the w^eather, diu'ing the 
Howeriiig period, iuiiuences the formation of seed. If, 
after the flowering has commenced, cold weather or rain 
sets in, retarding the full developement of the inflorescence, 
the flowers fertilised at a later period produce no seeds, 
m the uutiiment needed by thcia is appUed by the 
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flowers first fertilised for their own developement. It is 
a fact, that many pkints will not repay the trouble of cul- 
tLvation, if the climatic conditionB are not sufficiently 
favourable to effect the thorough ripening of all the , 
flowers, but serve only to ripen part of them. 

With oats it often happens that in warm moist wcatlier 
side-branches will spring from the axils of the leaves, 
when the principal culm is already shooting into ear; 
whence it happens, that at the end of the period of vegeta- 
tk>n the plant is found to bear both ripe and unripe seeds. 

The condition of the soil, as to porosity or compactness, 
influences the radication of plants. The fine iiluments oi 
the root, which are often coated with cork-hke matter, 
are lengthened by the formation of new cells at their 
extremities, and they are obliged to exert a certain pres- 
sure, to force their way through the particles of earth. 

The root-fibrils will always extend in that direction in 
which they encounter the least resistance; and this 
lengthening necessarily presupposes that the pressure 
wherewith the new-formed ceUs push aside the particles 
of eiirth, liiust be somewhat greater than the cohesion of 
the particles. The strength with which the root-fibres 
force their Avny through the soil, is not equally great in 
all plants. Those plants which have roots formed of 
very fine fibres, are but imperfectly developed in stiff, 
heavy soils, wherein other plants with thicker and stifllr 
root-fd^res will grow luxuriantly. The very resistance 
which the heavy soil opposes to the spreadmg of the 
roots of such plants tends to strengthen their fibres* 

Of the cereals, wheat, with a comparatively feeble 
ramification of roots in the upper layers of the soil, still 
forms tlie strongest roots, whicli often penetrate several 
feet down into the subsoil ; for a certain degree of com- 
pactness in the surface soil is favomrable to ^e develope- 
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ment of its roots. There are instances on record, where 
parts of a wheat-field had been trampled down in the 
winter by iiorses (by no means an imcomuion occurrence 
in the foxhunting disthcte af England), so &r as to de- 
stroy every trace of a wheat-phint, and yet next year's 
crop turned out much more abundant on those very 
spots than in any other part of the licld. It is evident 
thati to outlive an attack of this kind, a plant must have .* 
its principal roots spreading in the deeper layers of the 
soiL In the developement of its roots and the power 
of penetratmg the deeper layers of the soil, the oat- 
plant stands next to wheat, and will lluunsh in a 
somewhat stift' soil ; but as in the superficial layers 
also the roots of oats throw out a number of fine 
feeders, in a lateral direction, it is necessary that the top* 
soil should be rather light and open. A light, open 
loam, even if of no groat depth, 1:5 particularly suited for 
barley, which forms a network of line comparatively 
short rooMibres. Yem require a loose soil, with little 
cohesion about it, which will favour the spreading of the 
soft root'-fibres in the deeper layers also; whereas the 
strong woody roots of the horse-bean will ramify iu all 
directions, oven in a heavy and more compact soil. 
Clover, gra6s-j5e( 1-, and small-sized seeds in general, put 
forth at first feeble roots of small extent, and require so 
much the greater care in preparing the soil, in order to 
ensure their healthy growth. The pressure of a layer 
of earth lialf to one inch thick suffices to prevent the 
developemeut of the seed sown in the ground. Buch 
seeds require only just as much earth to cover them as 
will retain the needM moisture for germination. It is, 
therefore, found advantageous to sow dover together 
with corn uf some kind ; for as the com is earlier and 
quicker iu growth, its leaves shade the young clover 
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plaut, and protect it from the too intense action of the 
eun's rays ; thus aiibrding more time for the extension 
and developement of the roota The nature of the roots* 
of rapes, turnips, and tuberous plants, clearly points out 

tlie \Kivl of the soil Iroia wliich they draw their chief 
supply of food. Potatoes ai*e formed in the topmost 
layer of the soil ; whereas the roots of beets and turnips, 
sending their ramifications deep into the subsoil, will 
succeed best in a loose soil of great depth. StiU, they 

will also grow well in soil naturully hunvy and crmi] )act, 
which has been properly prepared for then- reception. 
Among turnips, the Swedish variety is distincfuished by 
the numerous fibres which the rootrstock sends into the 
ground ; and mangelwurzel, with its strong and rather 
woody root fibres, is stiU better suited than Swedes for 
a heavy clay soil. 

On the length of roots but lew observations have been 
made. In some cases it has been found that lucerne will 
grow roots thirty feet, rape above five feet, clover above 
six feet, lupine above eevea feet in length. 

A pro|)er knowledge of the radication of plants is the 
groundwork of agriculture ; all the operations which the 
&nner appUes to his land must be adapted to the nature 
and concUtions of the roots of the plants which he wishes 
to cultivate. On the root he should bestow his whole 
care ; upon that which grows from it he can no longer 
exert any influence ; therefore, to secure a favourable 
result to his labours, he should prepare the ground in a 
proper manner for the developement and action of ihe 
roots. The root is not merely the organ through which 
the growing plant takes up the incombustible elements of 
food reqiured for its increase, but it may, iu another 

• Whenever the term ' rout ' is lUied lu tiiib work, the undei|;round 
organs of plants aru uieaiit. 
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not less important function, be compai ed to the flywheel 
in an engine, which gives regularity and uniformily to 
the working. It is in the root that the material is stored 
up to supply the growing plant with the needful elements 
for conducting the processes of life, according to the 
requirements made upon it by the action of light and heat. 

All plants which give landscapes their peculiar cha- 
racter, and clothe the plains and mount :nn ^^lopes with 
perennial green, have an underground developement, 
according to the geological or physical condition of the 
soil, admirably adapted to their perennial existence and 
propagation. 

Whilst annuals are propagated and multiplied by seeds 
alone^ and have always a true root easily known by its 
simplicity of structure, by the absence of buds, and •by 
the comparatively short rai^e of its fibres, the turf and 

meadow plants are propagated by shoots and runners of 
a peculiar nature, and in many of them propagation is 
independent of the formation of seed. 

As the strawberry, which will in a veiy short time 
cover extensive tracts of ground, sends forth from the 
stock above the root-bulb shoots in the shape of run- 
ners, which creeping along the ground, and producing 
here and there buds and roots, grow up as independent 
plants, so the perennial weeds, among which are here 
included the meadow and pasture plants, spread in a simi- 
lar manner by corresponding underground organs. The 
creeping roots of tho couch-grass {Tritieum rrpc/ui), the 
sea lyme-grass {^Elymus arenarius), the trefoil (I'rifoliuni 
pr<Uen8e)y the common toad-flax (Linaria vulgaris)^ pro- 
pagate theur plants by suckers in all directions from the 
mother-plant. The smooth-stalked meadow-grass (Poa 
pratetisw) is propagated by a mother-stock, consisting of 
true roots, rooted runners, and creeping suckers; rye 
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grass (LoUum) puts forth root-suckers in a stiff soil, and 
prostrate stolons in loose ground. CatVtail grass (F/Ueum) 
is found sometimes with bulbous, sometimes with fibrous 

many-lieaded roots, having a tendency to creep and to 
fomi molhc i -^tocks. Timothy-grass grows stalk in the 
first year ; in the second, it forms sometimes bulbous, 
sometimes fibrous many-headed mother-stocks, which send 
forth creepers in all directions. In the same way, 
meadow-grass spreads partly by budding suckers, partly 
by stolons. 

On comparing the vital processes in flnnn5i]^ biennial, 
and perennial plants, we find that the organic work in 
perennials is principally directed to the fi>imation of the 
root 

The seed of asparagus sown during autumn, in a fertile 
soil, will produce next year, from spring to the end of 
July, a plant about a foot high, the stem, twigs, and 
leaves of which from that time forward show no further 
increase. The tobacco plant, which is an annual, would 
from the same period to the end of August have pro- 
duced a stem several feet high, covered with numerous 
broad leaves ; and the turnip a broad crown of foliage^ 

But the cessation in the growth of the asparagus plant 
is only apparent ; for from the moment that the external 
organs of nutrition are developed, the root increases in 
extent and substance in far greater proportion to the over- 
ground organs than is the case ¥rith the tobacco plant. 
The food which the leaves have absorbed fixim the air and 
the roots frt>m the soil, having first been transformed 
into orgaiiisablo matter, descends to tlie roots, in which 
there is gradually collected a sufficient store to enable 
the latter to fiimish in the follo^ving year from themselves 
and without the least supply of food from the atmosphere 
the material required for the production of a new perfect 
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plant, with a stem half as high again and a much greater 
number of twigs and leaves. The organic labour of this 
new plant) during the second year, results in the geuerar 
tion again of products which are deposited in the loot^ 
and, proportionately to the greater extent of the oigans of 
nutrition, are stored up in much greater quantity than 
the roots had originally supplied. 

The same process is repeated in the third aud fourth 
years ; in the fifth and sixth years the store deposited in 
the roots has become sufficiently rich to produce in spring, 
when the weather is warm, three, four, and more stems as 
thick as a linger, with nmnerous branches covered with 
leaves. 

A comparative examination of the green asparagus 
plants and of its withering stems in autumn, seems to 
indicate that at the end of the period of vegetation the 

remainder of the dissolved or soluble substances fit for 
future use, then still remaining in the overground organs, 
descend tlie root. The green parts of the plant are 
comparatively rich in nitrogen, alkalis^ and phosphates, 
whilst in the withered stems these substances are found 
in small qiuuitiiies only. The seeds alone rclaiu compa- 
ratively large proportions of phosphated earth and alkalis, 
being nothing else than the excess of those substances 
which the roots do not require for the next year. 

The underground organs of perennial plants are the 
economic gatherers of all tlie vital conditions necessary 
for certain functions. If the soil will allow, they always 
collect more than they give out ; they never spend all 
they receive. These plants form their flowers and seeds 
when the roots have collected a certain excess of phos- 
phates, which may be given u]) without endangering^ ihe 
existence of the plant. An abundant supply of nourish- 
ment, by means of manuring, will accelerate the developc- 
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meut of the plant in one or another direction. Manuring 
a sward with ashes will draw from it clover plaats ; if 
add phosphate of lime is employed, J^ench jye-grass will 
spring up in thickly serried blades. 

In all perennial plants, the underground organs are 
usually very much greater in mass and extent than those 
of annual plants. Whilst the roots of the latter die every 
year, the former preserve theirs in a state of readiness to 
absorb food at every favourable opportiinity. 

The cirde from which a parenmal plant draws its food 
enlarges from year to year ; if one part of its roots finds 
httle nourishmeat iu a given spot, other parts draw their 
supply &om otlier spots richer in the food required. 

Only a very small portion of the plants of a thickly 
covered meadow will produce stems ; the far greater part 
will develope only tufts of leaves ; and many ^nll for years 
be coulined to the production of underground suckers. 

For perennial grass and meadow plants, the production 
of undeiground suckers is of the highest importance/ 
since by them the plant is furnished with nutriment at a 
time when a scarcity of supply would endanger the life of 
annual plants. 

A good soil, and all other conditions of vegetable life, 
will of course exert the same fiivourable influence upon 
perennial as on annual plants ; but the developement of 

tlie former is not so nmcli dependent upon accidental and 
passing sttites of the weallier, as is the case with the 
latter. Unfavourable conditions will, indeed, check the 
growth of a perennial plant, but only for a time, until a 
fitvourable change ensnes, when the plant will resume 
growing; wliercjis an auiui;il plant, under the same 
circumstances, reaches tne limits of its existence and dies. 

The permanence of vegetation on our meadows, and 
the certainty of their produce under varying conditions of 
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soil and weatli^jr, mu^st be aiUiljuted to the greai niiiiiber 
of plains which are able to coutiuue for a shorter or 
longer period at a low stage of developement While tlie 
one species of plants is developed above ground, producing 
flowers and seeds, a second and third species gather 
below the surface the conditions for a similar future 
growth. The one vegetation seems to disappear, to make 
room for another and a third, uulil for itself too the con- 
ditions for a perfect developement recur. 

The woody plants grow and are developed in a manner 
quite similar to the asparagus plant, with this difierence, 
however, that tliey do not lose their stem when the 
period of tlieir vegetatioa comes to an end. An oak- 
sapling, 1^ foot high, was found to have a root above 
3 feet long. The stem and the root serve jointly as a 
magazine for storing up the organisable matter to be 
used next year in restoring all the external organs of 
nutrition. When the stems of lime trees, alders, or 
willows have been cut down, they will, if lying in shady 
moist places, shoot out afresh, often after the lapse of 
years, and produce numerous twigs a foot long or more, 
covered with leaves. 

The pauses which occur in the seed-bearing of forest 
trees are sunilar to those which are observed in most 
perennial plants, which, when growing on a poor soil, will 
also take several years to collect the conditions necessary 
for the production of fruit (Sendtner, Eatzeburg). 

The loss of inorganic food-constituents, which the 
foliaceous trees suffer by the fall of the leaves, is trifling. 
When the leaves have attained their fidl formation, the 
cells of the bark receive a copious supply of amylimi, 
which substance com|)letely disappears from the cells in 
the boss of the leal-stdk (H. Mohl). Even long before 
the fall of the leaves, their sap is considerably diminished. 
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while the bark of the branches is, just at that time, .often 
actually oyerflowing with sap (H. Mohl). In accordance 
with this &ct, the analysis of the ash of the leaves shows 

that the amount of alkali and phosphoric add in them 
decreases immediately before the fall ; the Mien leaves 
contain such trifling quantities of these constituents, in 
comparison to their mass, that it is difficult to accoimt 
for the injurious consequences arising from the raking 
up and removal of the fallen leaves in woods. (See 
Appendix A.) 

A similar reflux of the asdmilative products appears to 
take place in the grasses ; when from the intense heat of 
summer the leaves be^ to decay, chemical analysis 
reveals in the yellow leaves scarcely any traces of nitrogen, 
phosphate;*, ;iiul alkalis; and, indeed, animals instinctively 
turn from all kinds of fallen leaves^ and refuse to feed on 
them. 

In annuals and biennials the organic action results in 

the production of fiuiL and seed, after which the activity 
of the root comes to an end ; in perennials, the production 
of seed is rather an accidental condition of their permanent 
existence. 

The biennial can bestow more time than the annual in 

crathering the material necessary for the production of 
seed and fruit, which closes the period of its existence ; 
but the time in which this takes place depends upon the 
state of the weather and the nature of the soil 

The annual is uniformly developed in all its parts ; the 
food daily taken up is expended in increasing the over- 
Lnouiid and underjxround orcrans, which meanwhile take 
ui) a laj'ger amount of food in proportion to the increase 
of their absorbent sur&ce. With the growth of the 
plant, the conditions of increase inherent in the plant 

G 
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itself become enlarged, and exert their inHuence in pro- 
portion as the external conditions are favourable. 

The developement of the biennial plants cultivated for 
their roots has three distinct periods ; in the first period 
the leaves principally are foi nu d ; in the second, the 
roots, in which are stored the substances needed to pro- 
duce the iiower and firuit during the tlurd period. 

A series of experiments^ made by Anderson, upon 
turnips, affords a clear view of the several directions in 
which the energy of a biennial plant tends nt different 
periods of its growtli. (' Journal of Agriculture and 
Transactions of the Highland Society/ ^o. 68, 69, new 
series, 5.) 

These experiments were made to ascertain the total 

produce? of vegetal)k; substances obtained from turnips on 
one acre of ground. The turnips were gathered at four 
difierent stages of growth ; the first on July 7, the 
second, on August 11, the third, on September 1, and 
the fourth, on October 5. The following table shows the 
weight of leaves and roots in pounds, taken up at the end 
of the respective stages, and calculated upon one acre of 
ground. 

W«lglil of iMVM Ifdsht of foot! 

L Haivert afier 82 days . 219 pounds 7*2 poiinda 

II. „ 67 „ . . 12,793 „ 2,762 „ 

III. „ 87 „ . . 19,200 „ 14,400 „ 

IV. „ 122 „ . . 11,208 „ 36,792 „ 

The relative quantities of leaves and roots show that in 
the first half of the time of vegetation, sixty-seven days, 
the organic hd)our in the turnip ])laiit is principally 
directed to the production and developement of the ex- 
ternal organs. 

From the 7th July to the 11th August, a period of 
thirty-five days, we find the increase to be 12,574 pounds 
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in the leaves, and 2,755 pounds in the roots, which gives 
a daily increase of 

Learefl Roots 

359 pounds | 78 pounds 

In this stage, accordingly, the production of leaves 
prevailed over that of roots to this extent, that out of 
eleven parts of food absorbed by the plants, nine parts 
went to the leaves and only two parts to the roots. 

We lind a ver}' (liferent proportiuii m the third stage ; 
for during twenty days the weiglit of the leaves has 
increased by 6,507 pounds, that of the roots by 11,688 
pounds, which gives a daily increase of 

Leaves Roots 

325 pouuda | 582 |x>uiiik 

r)unng this third stage the plants take up daily solne^\ hat 
more than d(juble tlie amount of food taken up on any 
given day of the second stage, and this increase must 
stand in proportion to the daily enlargement of the surface 
of the roots and leaves ; but the food absorbed is dis- 
tributed in the plant in a very different manner. Of 
twenty-five ])arts by weight of food absorbed and as- 
shniiated, nine ports only remain in the leaves, the other 
sixteen parts serve to increase the mass of roots. 

In exactly the same ratio as the leaves approached the 
limits of their developement, they lost the power of ap- 
plying to their further growth the food which they had 
absorbed, and which now transformed into orgaoisable 
matter was deposited in the roots. The same nutritive 
particles which went to form leaves, so long as the mass 
of foliage kept on uicreasing, now became constituent 
pcn'tious of the root. 

This migration of the constituents of the leaves and 
tiansfoimation into constituents of the root appear to be 

G 2 
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most clearly shown in the fourth stage. The total weight 
of leaves, which on the Ist September still amounted to 
19,200 pounds, had by the 5th October, or withhi the 
space of thirty-five day^, decreased by 7,992 pounds, that 
is 228 pounds a day ; in other words, out of every thirty- 
four leaves ten had withered, while the roots had in- 
creased by 22yS92 pounds, or 640 pounds a day — a daily 
increase much more considerable than during the third 
stage. 

It is evident that with the advance of autuuin, with the 
lower temperature and diminished action of sunhght, the 
oiganic energy of the leaves decreased, and more than a 
third of the orgamsable matter collected in them de- 
scended to the roots, to be stored up for future use. 

If wo comj)are the quantities of nitrogen, phosphoric 
acid, potash, common salt, and suli)huric acid, absorbed 
during the last ninety days by the turnips growing on 
one acre of ground, we find from Anderson's experiments 
that the daily amount was as follows : — 



Absorbed by the entire plant in a day. 



Total iBCNMa 


Seoottd state 


Ttdsdstafs 


Voutli stags 


In salMtanee .... 
Nitrogen .... 
Phosphoric acid • . . 
FMara • . • . 
Sulphuric M&d » * 
Salt 


487 

115 

0- 924 

1- 41 

112 
0 81 


907 

0- 695 

1- 10 
404 

1-57 
1-98 


Foonda 
• 417 

1-21 
1-25 
8-07 

1-52 
111 


Daily inerean of roots in the fomrth stage of growth. 




Photpbotio add 


Potasb 


flnlpborfoMld 


Sslt 


SappUed by the soil 


1-25 
0-41 


3 07 
1-56 


1-52 
051 


110 

0-53 




1-66 


4-63 


2-03 


1-68 
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These figures ^ow that the quantity of phosphoric add 
taken up daily by the turnip plants growing on one acre 
of ground increases from the commencement of the 

second to the end of tlie foui th stage of growth, that ia 
in iimcty days from 0-924 to 1*25 pound a-day, which 
reckoned from one day to another makes the trifling 
difference of 0*0037 pound a-day. 

Anderson suspects that his estimate of the nitrogen in 
the leaves during the thiid stage was not quite correct, 
and that it fell below the actual amount. If we add 
together the quantities of nitrogen absorbed in the last 
two stages, fifty-five days, we find a daily average of 1*02 
pound of nitrogen, which is very nearly the same as in 
the preceding stage of grow Lh. 

The quantity of potash mcreased from the 11 lli August 
till the 1st September, in a somewhat higher i atio than 
the amount of v^table substance produced. From the 
Ist September till the 5th October the increase of the 
roots was nearly double what it hud ])eeu m the preceding 
stage, but this is explained by the migration of the potasii 
compounds from the leaves to the roots. It is evident 
that the increase of potash has a certain connection with 
the formation of sugar and the other non-nitrogenous 
constituents of the roots, but no definite proportion can 
be established between tliem. The absorption of sul- 
phuric acid increased uniformly in the three last stages ; 
that of salt was a httle greater in the third than in the 
second and fourth stages. 

Without wL-liiug to iudicate the exact part performed 
in the process of vegetation by these various mineral 
substances, as also by hme, magnesia, and iron, we remark 
that, except in the case of potash, the absorption of them 
was evidently uniform from day to day, yet showing every 
day a triiling increase corresponding to the daily increase 
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of the food-absorbeut sur&ce up to the fourth stage of 
growth. 

The smallest increase was seen in phosphoric add and 
nitrogen, both equally necessary for the formative pro- 
cesses <xomg on in the turnip plant ; and it is niainlt'st 
that they must have served to bring into operaiiou some 
more powerful agency, whose effects are revealed in the 
production and augmentation of the ncm-nitrogenous 
constituents. 

If we take tlio quantity of minora! substances absoi'bed 
as the meuisure of their imporULnce for the organic opera- 
tions going fonvard in the plant, we must assign to sul- 
phuric acid and common salt an influence equal to that 
,of any of the others. 

Looking at tlie quantities of mineral constituents 
severally taken up by the different parts of the plant in 
the various stages of growth, we observe the greatest 
disparities. In the second stage, a quantity <3i potash, 
amounting in the aggregate to 49*29 pounds, was absorbed 
in 35 (lays; and of this, the roots were found to contain 
8*02 pounds, equal to one-sixth — the leaves 41*27 pounds, 
equal to iive-sixths. The same proportion — namely, 
about five to one —was found to exist between the weight 
of the leaves produced, and that of the roots. 

In the third stage, the weight of the roots productMl 
exceeded that of the leaves; and of the 80 pomids of 
potash absorbed by the plants, 34 pounds, or more than 
one-third, remained in the roots. The same was found to 
be the case with phosphoric acid, and the other mineral 
constituents; that is to say, they were found distributed 
in varying proportions, corresponding to the giowtli and 
increase of the mass of the overground and undeiground 
organs of the turnip plants, which, in the various stages, 
are likewise not uniform. 
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If we regard the mere increase of the leaves and roots 
in mineral substances, without reference to the total 

amount of them absorbed by the entire plant, it apj)ears 
to be most irresiilar, and to proceed by ' fita and starts.' 
The plant receives every day nearly the same quantity of 
phosphoric add, nitrogen, salt^ and sulphuric acid, which 
are distributed in the several parts of the plant, leaves, 
or root'^, where they are required for use. The chief 
(liirerence observable is in the increase of puUish, which 
in the third stage is out of ail proportion greater than 
that of the other mineral constituents. 

It is highly probable that from the raw material— i e. 
the carbonic acid, water, ammonia, phosphoric acid, 
sulphuric acid, with the cooperation of the alkalis, earths, 
&C. — the chemical process engenders in the plant simply 
a nitrogeaous and sulphureous substance, belonging to the 
albumen group, and only one non-nitrogenous substance, 
belonging to the group of liydro-carbons. The former 
retains its character during the period of vegetation ; 
while the non-nitrogenous substance is converted into a 
tasteless, gum-like body, or into cellulose, or sugar — 
becoming a constituent of the leaves or of the roots, 
according as the organic energy preponderates in the 
overground or underground organs. 

If there is a relation between the phosphoric acid and 
the production of the nitrogenous constituents, the soil 
must contain, in its parts, definite proportions of both 
8lll)^tancc3s ; and for the cultivation of turnips, th(? upper 
layei*9 must necessarily be muck richer in phr»>phates 
than the lower. For in the first half of the period of 
vegetation, the branching of the roots is much less 
extensive than at a later period, and the root is in contact 
with a niLith snialler bulk of earth than afterwards; 
hence, if the root is to draw from this smaller bulk the 
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same amount of nourishment as fi-om the larger, the 
former must contain more of it» in proportion as the 
absorbent root-surface is smaller. 

Theasli of all plMiits in whose orgaiii!?iu hirge qiiaiititiea 
of amylum, giim, and sugiir are produced, is distinguished 
from the ash of other plants by the preponderance of 
potash ; now, if the potash in the sap of the turnip plant 
formed a necessary agent in the formation of i^ngar and 
the other non-nitrogenous constituents, the quantity of 
tliat mineral matter absorbed in tlie third and fourth 
stages oi' growth is easily explained — because the forma- 
tion of the non-nitrogenous constituents of the root was 
more active in these than in the former stages. 

That the production of the combustible constituents — 
the oonvei'sion of the airbonic acid and ammonia into 
non-iutrogenous and azotisicd substances — stands in a 
definite relation of dependence to the incombustible 
matter found in the ash, is an opinion which no longer 
requires special proof to support it But the dependence 
is mutual. To say that the reason why tliu azc>tised or 
non-nitrogenous products are formed in large proportion 
is because the plant has taken up more phosphoric acid 
or potash, is just as correct as to assert that the plant 
takes up more phosplioric acid or potash because the 
other conditions required for the production of aycotisod 
or nou-oitrogeuous substances are found combined in its 
organism. 

To enable a plant to attain its maximum of growth, 

the soil must at all times yield, in an available form, the 
whole quantity of each of its constituents ; and, on the 
other hand, the cosmic conditions — heat, moisture, and 
sunlight — must cooperate to transmute the absorbed 
substances into the organs of the plant. If the substances 
that have passed from the soil into the plant cannot be 
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turned to account, fixnn the want of this cooperation, no 
fresh substances are absorbed ; in tin&vourable weather, 
the plant does not grow. No more does it grow, even 

thoiiL^h the out^s ard conditions are favourable, if the soil 
contains no proper nourishment. 

In the second half of the period of developcment, the 
roots of the turnip plant, having penetrated through the 
arable surface deep into the subsoil, absorb more potash 
than in tlie preccdinir staL,'c. If we suppose that the 
absorbing spuugioles of the root reach a stratum of soil 
poorer in potash than the upper layer, or not sufficiently 
rich in that material to yield a daily supply commensurate 
with the requirements of the plant, at first, indeed, the 
plant may aj)[)ear to grow luxuriantly ; yet the prospcn t 
of an abundant crop will be small, if the supply of the 
raw material is constantly decreasing, instead of enlarging 
with the increased size of the organs. 

In the economy of the turnip, the root receives during 
tlie last month of vegetation nearly one-half of all the 
mo% able constituents of the leaves ; and this constitutes, 
after the completion of its first year's period of vegetation, 
a store of organisable matter for future usa 

During the spring of the following year the root begins 
to shoot, putting forth a slight leafy top, and a flower- 
stalk several feet liigh ; with the developcment and 
maturing of the seed, the plant dies. The chief bulk of 
the food stored up in the root is applied, in the second 
year or third period, in quite a different direction ; 
though, beyond the mere supply of water, the soil seems 
to take no part in this new act of life. 

All monocarpous plants — that is, all plants which 
flower and produce seed but once— present^ like the 
turnip plant, distmct periods of life, as regaitls the direc- 
tion of organic activity m them. In the iirst, the plant 
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produces the organisable matter rof[uired in the succeed- 
ing period ; in the latter, that which is required for the 
final functions of life. But these materials are not always 
stored up in the root, as is the aise in the luniij) ; in 
the sago-paliM tliey fill the stem ; in the aloe (Agave) they 
collect in the thick ^eshy leaves. 

The production of seed is, with many of these plants^ 
much less dependent upon any fixed period of time, than 
upon the store of organisable matter collected in them in 
tlie time preceding. Favourable climatic conditions or 
propitious weather will hasten, while unfavourable cosmic 
conditions will retard, its production. 

The so-called summer-plants are monocarps which are 
able to gather in a few months the conditions required for 
the production of seed. The oat-pLint lh ows to maturity 
and bears ripe seed in nniety days; the turnip-rape only 
in the second year of its existence ; the sago-palm in 
sixteen to eighteen years; the aloe in thirty to forty, 
often not till 100 years. (See Appendix B.) 

Tn many ])ei-enriial planta, the outei* })art dies every 
year, while tlie root lives on. In tlie monocarpous plants, 
the root dies with the production of the seed. In these, 
the production of seed is an indispenaabU^ in the peren- 
nial plants more of an accidental, condition of continued 
existence. 

The economy of plants is regidated by laws which 
manifest their operation in the peculiar £EK^ulty of certain 
organs to store up food for future use ; so that all the 
external causes which seem to hinder their developement, 
actually contribute in the end to insure their continued 
existence, i. e, their propagation^ 

The contents of the roots in ])erennial grasses and 
asparagus, may, in the difierent periods of the life of these 
plt[nts, be compared to the farinaceous body or albumen in 
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the grain of oereab ; with this diference, however, that 
the skm does not become empty^ as is the case with the 
latter on germination, but is always re-filled and keeps 

increasing in size. The perennial plant always receives 
more than it expends ; whereas the inonocarpous plant 
spends its whole store in forming fruit. 

The fact that the roota of the turnip, in autumn, grow 
at the cost of the constituents of the leaves, readily 
explains the influence whicli the removal of leaves will 
exercise upon the crop at diliereiit stages of growth. 
The removal of a few leaves in August makes no great 
difierence to the root, while the removal of leaves at the 
end of September causes the greatest damage to the root- 
cro[>. Metzler. who made veiy accurate comparative ex- 
jKrunents upon this poiut, found that an early cutting of ( 
the leaves reduced the turnip crop by 7 per cent only, . 
while a late, or a second cuttmg, reduced it by as much as ^ 
36 per cent 

If, in the fn^st year, instead of the turnips being removed 
fix>m the field at harvest, the tops were merely cut off and 
the roots were left and ploughed in, the field would, on 
the whole, sustain a loss of soil constituents ; still the roots 
in the soil would retain the greater portion of them. A 
very different rehition would arise, if at the end of the 
beeond year of vegetation the turnip tops were cut off, and 
the stem were removed together with the seed. For, at 
the end of the first year, the root would still retain the 
far larger portion of the azotised and also of the incom- 
bustible constitucints, which would thus be left in the soil ; 
but in tiie second year these materials would l)e carried 
into the overground part of the plant, and there be used 
for the production of the stem and the seed ; hence, the 
removal of the latter would of course make the soil poorer, 
even though the roots were now left in it. Before the 
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shooting and dowering, the root was rich in soil con- 
stituents ; after the production of seed, its store of them is 
exhausted. If the plant is cut off and the root left in the 

ground, before flowcriiiix, tlie soil relaiiis the fur greater 
portion of the nutritive matter which it had given to the 
plant ; on the contrary, after dowering and the production 
of seed, the root retains only a small residue of these con- 
stituents, and the soil is correspondingly exhausted of 
them. 

As it is with the turnip, so is it with cuhniferous plants. 
If tliey are cut oil' before flowering, a considerable portion 
of the nutritive substances stored up in them remains in 
the root, which the soil of course loses, if the overground 
plant is removed after the ripening of the seed. 

The experience dei ived from tlie cultivation of tol)ncco 
gives a clear view of tlie processes in the developemeut of 
an annual leafy plant 

In the tobacco plant the overground and the under- 
ground parts grow with perfect equality ; the root gains 
in extent, in the same proporliuu as the stem lengthens 
and the leaves increase in number and size. There ifi no 
appearance of sudden changes in the direction of organic 
activity, no shooting, but the phases of life in the plant 
follow in steady continuous progression. Even while the 
top of the stem bejirs ripe seeds, and tlie lower leaves 
have withered, the side shoots of the plant are often still 
putting forth flower-buds^ the seeds of which will ripen at 
a much later period. 

The tobacco plant is remarkable for producing in its 
organism two nitrogenous compoimds, of which the one, 
nicotine, contains neither sulphur nor oxygon ; while the 
other, albumen, is identical with the sulphureous and 
oxygenised constituents of the cereals and other alimen- 
tary plants. 



Digitized by Google 



THB TOBACCO FhKSfT. SO 

The commercial value of tobacco leaves is in an inverse 
ratio to the amount of albimien which they contain, that 

sort of tobacco being most highly esteemed by smokcTS 
winch contains the least albumen ; fox the latter ingredient, 
in the burning of the dry leaves^ emits on carbonisation a 
most disagreeable smell of burnt horn shavings. The 
leaves rich in albumen contain, as a rule, more nicotine 
than those wliich are poor in albumen ; they give? the 
strongest kinds of tobacco, many of which cannot be 
smoked unmixed. 

The tobacco leaves cultivated in France and Germany 
are manu&ctured either into smoking tobacco, or mto 
snuff. For the fabrication of si mill lt!aves which are rich 
in albumen and nicotine are pretcrred to those containing 
a smaller amount of those ingredients. The leaves in- 
tended for snuff are, either when still entire or after being 
ground to powder, subjected to a kind of fermentation, 
wliich takes place pretty speedily, with evolution of heat, 
if they aie kept moistened with water. From the putre- 
faction of the albumen there arises a considerable quantity 
of anunonia, which is a principal ingredient of German 
snuff, and is also occasionaUy increased by the manufac- 
turers, by moistening with carbonate of aimnouia or caustic 
ammonia, to suit the ta^ste of consumers. 

The leaves intended for smoking are ako improved in 
quality by a ahght process of fermentation, which serves 
to diininish the quantity of albumen in them. 

These prelhninuiy remarks will help to exphiin the 
different methods of cultivating tobacco. 

The size of the leaf in length and breadth, its hght or 
dark colour, the height of the stem, the amount of pro- 
duce, and the greater or less proportion of albumen and 
nicotine, all depend very csseutiaily upon the manuring of 
the plant 
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The plant succeeds best^ in Europe, on light, sandy, 
humose, loamy, or marly soils. The strongest kinds, 

richest in albumen and nicotine, are grown on virgin land, 
and on heavy clay soil manured witii l)one-dust, sliavings 
and clippings of horns and claws^ blood, bristles, human 
excrements, oilcake, and hquid manure. 

In Havannah, tobacco is grown on virgiu soil, on 
cleared forest lands, which are often burnt first, as is done 
in Virginia. Tlie best qualities (thu j)()oiest in albumen) 
are yielded in the third year of cultivation. 

From this it would appear, that animal manure 
abounding in nitrogen (ammonia) fevours the production 
of nitrogenous constituents ; but the soil, on the other 
hand, which is poor in aniiiiunin, and probably contains 
the nitrogen in the form of nitric acid, produces leaves 
containing much less albumen and nicotine. 

The effect of removing the tobacco plant from the 
rearing beds to the field is very striking. Transplanted 
into the new soil, the young t<>bacco plant proceeds in 
the first instance, hke seed in the process of gennination, 
to produce roots; the leaves already formed wither on 
transplantation, and their movable constituents, together 
with the store of organisable matter collected in the 
roots, are ap[)liecl to the production of nunieious branch 
radicles. A second transplantation has a still more 
favourable effect upon the imderground oi^ans of absorp- 
tion. 

As the direction of the organic operations in summer- 
plan u is entirely turned to the formation of seed, and as 
this consumes the materials which give activity to the 
roots and leaves, the tobacco planter breaks out, when 
the plant has put forth six to ten leaves, the heart of the 
middle stem, on which the flowers and seed capsules 
grow. Stripped thus of the crown, the whole vigour oi' the 
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plant is now directed to the buds between the leaves and 
stem, and these put forth side-shoots which are treated 
like the principal stem, that is to say, they are eillier 
broken away, or simply cracked by twisting. Thus the 
leaves retain the organisable matter subsequently produced, 
and increase in mass and size, while the amount of water 
in them diminishes. By tlie middle of September, the 
leases lose dieir green colour and are spotted with yellow 
blotches, imparting a mai bled look ; they become parch- 
ment-like, feel dry to the touch, get flaccid, with the 
ends drooping to the ground, and, when arrived at full 
maturity, are viscous, clammy, and readily come off 
the stem. 

This Ut atinent is variously modified, according to the 
several varieties of tobacco, and tlie diii'erent countries in 
which it is grown. The so-called common EngUsh 
tobacco, which is particularly rich in nicotine, is often 
allowed by planters to run to seed, in order to effect a 
8e[jaration of the nitrogenous constituents, the albumen 
forsiiking tlie leaves and lodging in the ^eed. 

In the young shoots, buds, and generally in all pai*ts in 
which the production of cells is most actively carried on, 
the sulphureous and nitrogenous constituents (albumen) 
accumulate, and thus the younger leaves are always 
riclier in tliesc substances than tlie older. The leaves 
nearest the ground (sand-leaves) give a milder, the upper 
leaves a stronger, tobacco. In those varieties which are 
not particularly rich in nicotme and albumen, the sand- 
leaves are of much less value than the upper kaves. 
A mild tobacco always means a tobacco poor in narcotic 
constituents. 

The course pursued by the European tobacco planter, 
who lays a superabundance of animal manure upon his 

fields, is the exact reverse of tliat adopted l)y the 
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American planter, who cultivates his plants upon a field 
that has never been manured. The one seekd to reduce 
or dilute the narcotic, sulphureous, and nitrogenous con- 

stituents of tlie leaves; the other to concentrate tUem. 
Accordingly, the American planter breaks the lower leaves 
in their full vigour, when the plant has attained to half- 
growth ; the European planter attaches the greatest value 
to the fully-developed upper leaves. 

As the tobacco plant, like all annuals, only yields up 
its whole store of organisable matter at the ripening of 
the seeds, the stem does not die after the loss of the 
leaves ; but the materials still remaining in it and in the 
roots cause the stem to send forth fresh shoots, and fre- 
quently even leaves, though small-sized ones. In the 
West Indies, Maryland, and Virginia, before the gathering 
of the leaves, tlie stems are notched immediately above 
the ground, so that they lean over without being severed 
from the root In warm weather, the water in the leaves 
evaporates, and a motion of the sap ensues from the stems 
and roots towards the leaves, in wliieh tlie sap is thus 
concentrated as the plant witliers. The tobacco piautcrs 
on the Ehme have found that a superior tobacco, poorer 
in albumen and nicotine, is produced if, instead of breaking 
the leaves off in the field, the plant with the leaves on it 
is cut down just above the giound, and hung up to dry 
with the top downwards. The stem will, under these 
circumstances, continue to vegetate for a time, sending 
£[>rth small shoots which gradually turn in an upward 
direction and put forth flower-buds. In these flower-buds 
the sulphureous and nitrogenous constituents nre collected 
from the leaves, which lose these ingredients in the same 
proportion, tmd are thereby improved in quality. 

Of die plants cultivated for the sake of their seed, 
wheat holds the chief place. 
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Winter wheat is in its developement extremely like a 
biennial plant In the biennial turnip we see that with 
the first leaves a corresponding number of root-fibres are 

produced; and that after tlie formation of the leaf-top, 
the root begins to expand greatly in size and extent, 
immediately aiiber which the flower and seed-stalk shoots 
fortL 

Very soon after winter-wheat is sown, the joung plant 
piit^ forth the first leaves, which in the course of wmLer 
and the early months of spring increase to a tuft ; to all 
appearance the vegetation of the plant seems to cease for 
weeks and months. When warm weather comes, the 
plant puts forth a soft stem, several feet high, fiimished 
with leaves, mid bearing at the top an ear set with flower- 
buds in which, after flowering, the seeds are formed. As 
the seed is developed, the leaves from the bottom upwards 
turn yellow, and die with the stem as the seed ripens. 

It cannot be doubted that while the growth of the 
plant appears iu have ceased before the time of shooting, 
the over and under ground organs are in constant activity ; 
food IS incessantly absorbed, which, however, is but par- 
tially employed to increase the mass of leaves, but not 
to form the stem. There is, therefore, every reason to 
believe that the far larger portion of the organisable 
matter produced in the leaves during this period goes to 
the roots, and that this store is afterwards appUed to the 
formation of the stalk. On ihe approach of wanner 
weather all the operations of life in cereal plants are 
quickened, and the quantity of food daily absorbed and 
worked up increases with the extent of the absorbing and 
elaborating organs. In spring many of the older leaves 
and of the lootrfibres die in the portions of the soil 
exhausted by them ; the loot-tops send forth new buds, 
and with every new bud new rootlet^ until the stalk- 
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joints have attained n certain length. Prom this time 
forward to the end of the period of vc^etatioQ, both the 
food absorbed by the plant, and the movable part of the 
materials formed in the leaves, stem, and root, go to form 
flowers and seeds. 

The observations of Schubart show that the roots of 
.cereal plants, in tlie first period of vegetation, increase 
much more than the leaves. Schubart found that rye 
plants, which, six weeks after sowing, presented leaves 
5 inches long, had meanwhile produced roots 2 feet ia 
length. 

The vigour with which cereal plants send forth tlieir 
stalks and side-shoots corresponds to the developement of 
the root Schubart found as many as eleven side-shoots 
in rye plants with roots 3 to 4 feet long ; in others, where 
the roots nicasurcd IJ to 2 J feet, he found only one or 
two ; and in some, where the roots were but 1^ foot, no 
ade-shoots at alL 

The action of a low temperature in autumn and winter, 
which puts a certain limit to the activity of the outer 
organs, without altogether suppressing it, is essential to 
the vigorous thriving of winter com. It is a most 
favourable condition for future developement, if the tem- 
perature of the air is below that of the soil, so as to retard 
for several months the developement of the outer plant 

Hence a very mild autumn or winter operates unfavour- 
ably upon the future crop, as the higher temperature en- 
courages the developement of the principal st^ before the 
proper time, which shoots up thin, and consumes the food 
which should have served to form buds and new roots, or 
to increase the store of organ isal)le matter in the roots. 
Thus stunted in its developement, the root supplies less food 
to the plant in spring, as it takes up and gives out leas in 
proportion to its smaller absorbent sur&ce and more 
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limited supply stored up in it ; nnd it retains tlic same 
feeble character iii the succeeding periods of vegetutiun. 
The agriculturist endeaTouis to meet the difficulty by 
grazing down or cutting these feeble plants ; the formation 
of buds and roots hereupon begins anew, and if the ex- 
ternal conditions are favourable, and the plant has time to 
fill the root with a fresh store of orgaiiisable matter, the 
normal conditions of growtli are, in the agricultural sense, 
restored. Summer com maintains, in the several periods 
of its developement, the same character as winter com ; 
only these periods are of much shorter duration. 

Alireud'tj study of the oat-piant m its severid stages of 
growth is instructive in this respect. He determined the 
increase in combustible and incombustible constituents 
during the following periods : ^rom germination to the be- 
Liiiiiiiiifr of shooting (end of tlif lirst stage, IStli June); 
from tins time to shortly before the end of shooting (second 
stage, 80th June) ; immediately after flowering (third stage, 
lOth July) ; the commencement of ripening (fourth stage, 
21st July) ; finally, to perfect maturity (fifth stage, 31st 
July). On tlie 18th June tlie plants were on an average 
31 centimeters high (1^ inch), the three lower leaves 
were nearly expanded, the two upper leaves were still 
folded up. Of the stalk-joints the three lower alone had 
an appreciable lengtli (1, 2, and 8 centimeters), the three 

upper liad but u rudiuiLnlaiy existence. Twelve days 
after (on the 30th June) the plant had attained double the 
height (63 centimeters) ; and ten days after this again, on 
l^e 10th July, after flowering, it had reached 84 centi- 
meters. 

1,000 piaiitij respectively produce in grammes : — 



2> 2 



Digitized by Google 



THE PLANT. 









'^IMh Jue. 


.tDth June. 


! loth Jnly. 


«Iit July. 


!$l9t July. 




I. stagt?. 


II. f^Ul/O. 


' m. stage 


IV. Ftnpr. 


V. t^Ligo. 


Coastitucnts 


In -l!' ilayM, 


In l i dii]r8, 


In 10 days. 


In 11 days. 


In 11 day». 




Ix-foro 


btiilks full 


flnradBf. 


formation of 


lijNBlBg. 




■booting. 


grown. 










Gnumnen 


Grammeu 


Grammes 


Grammes 




873 


475 


436 


128 


LMMmbQitible 


m 


88*48 


80*88 


20*84 


7*18 






In one da 


y. 






Oomtnwtible . 


8*061 


72-76 


47-60 


89*46 


12*8 


Proportion . 


1 


8-5 


5-6 


4 6 


15 


InocnnbiwUble 


0-747 


2-79 


8-03 


1-849 


0-318 


iRrapoitioii > 


1 


«-73 


4*06 


2*47 


0*96 



In looking at these figures we must remember that 

Ahrends could only determine what the overground part 
of the plant had received from the root, not, as Anderson 
in the case of the turnip, what the whole plant had derived 
from the soil. The great disparity in the increase of com- 
bustible and incombustible substances evidently depends 
rather upon the unequal distribution of the liiaLerials ab- 
sorbed, than upon any disparity in the quantity derived 
from the soil. The whole period of developement comprised 
about 92 days, and we see that for more than the first 
half (49 days) the plant remains stationary at an apparently 
low stage of growth, the f(^liage alone being developed, 
and that not fully. In the next 12 days, from the 18tli 
to the 30th June, the plant gains double the weight of 
incombustible constituents, and grows twice as high as in 
the 49 days preceding ; and within this short time, the 
overground paits absorb nearly the same quantity of in- 
combustible constituents as tliey had previously Uikeu up. 
In &ct, the plant takes up 8^ times the quantity of com- 
bustible matter, and 3§ times more of ash constituents on 
one day of shooting, than upon one of the 49 previous 
days. 

We cannot suppose it at aU likely that tiie external 
conditions of nutrition, the supply of food by the atmo- 
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sphere and from the ground^ or the absorptive power of 
the plant, should alter and increase, by fits and starts, from 
one day to another. We are led rather to assume that 

the oat-plant is subject in its developement to the same 
law which we have observed in the case of the turnip, and 
that therefore, in the second half of the first stage of 
growth, the activi^ of the leaves was principally directed 
to the production of organisable matter, to be stored up 
in the root for the shooting stage, and then 8U]ipli(id to 
the overground organs of the plant The heightened as- 
similative or workizig power of the plant, consequent upon 
the higher temperature and brighter sunshme of .summer, 
was attended by a proportionate increase in the supply of 
food; but the rehitive proportion of the soil constituents 
remauicd much the same as in the turnip plant. 

If we compare the respective quantities of potash, phos- 
phoric add, and nitrogen, which the overground parts of 
the oat^plant have recdved firom the root and the soil, in 
the several .stages of growth, i. e. to the commencement of 
flowering, thence to incipient ripening, and finally to ma- 
tuhly, we find that 1,000 plants have received : — 



PoUwh .... 
Nitrogen . . . 
Fho^iotie add . 


In tlio T. nnil 11. 
BtagcH, 6] days. 


In the I. and II. 
atngeB, 21 days. 


In tho V. ctAgo, 
lOUajfs. 


Gran>nic« 

3-iii 

260 
0-99 


Qnauncfl 
132 
24-9 
(MM 


Grunmos 
00 
54 
1*88 



These proportions .show tliat the daily increase of potash 
in the overground parts of the oat-phmt wits pretty nearly 
the same in the 21 days of the 3rd and 4th stages, as in 
the 61 days of the 1st and 2nd But for the phosphoric 
add and the nitrogen a very difierent result is obtained ; 
we find that the qiianllLy of thet-e two ingredients whicli 
passed into the stalk, the ear, and the leaves, amounted 
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ill tlu '21 days of the 3rd aiid 4th stages to as much as in 
the 61 days of the Ist and 2nd stages : in other words, 
the overground organs of the plant gained of these two 
ingredients, in the flowering and ripening time, three times 
as much cacli day as in the preceding period. 

Of the turnip-plant we know with tolerable certainty, 
that from the tune when it sends forth a flower-stalk, the 
constituents of the stalk, as also those of the flowers and 
the seeds, are for the most part stored up in the root, and 
arc su|)|)hod therctrom. It is highly probable that tlie 
corn-plant is similarly circuuibtanced, and that from tlie 
flowering to the end of life it is fed, though not exclu- 
sively, by the root, which from the flowering time gives 
out what it had stored up in the preceding period. 

Kxor observed that Indian corn plants in flower, taken 
out of the ground an,d placed with their roots simply in 
water, produced ears with ripe seeds ; which proves that 
the materials serving for tiie production of seed were 
already present in the plant at the time of flowering. 

It is an estabhshed fact that a corn-plant, if cut off 
before ilowering, relapses into that lower stage of vege- 
tation of a pereimial plant, in which the root receives 
more organisable matter than it parts with.* 

The proportions of incombustible constituents and of 
nitrogen severally required by oats and turnips, are 
remarkably different, both in the aggregate and during 
the various stages of growth. The facts established by 
Anderson for the turnip, and by Ahrenda for the oat» are 
indeed not sujQiciendy numerous to warrant us in deducing 

• Buekmimii (' Joum. of tlic Royal At^rir. Soc") .s<)^Y(.■(.l Avlioat on 
a field in autumn 1810, whicli waa continually cut down in liSiiO, so 
that the phmtM wcil' never allowed to come to flower: they were left 
in during the winter 1650- jl, and yielded an excellent crop in the 
year 1851. 
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any positLve law of growth for those two plants : still a 
few inferenoes may easily be drawn from them. The 
quantities of phosphoric add and nitrogen in the turnip 
are, at the end of the first year of vegetation, nearly in 
the proportion of 1 : 1 ; in oats, on the contrary, of 1 : 4. 
The oatrplant requires to the same quantity of phosphoric 
add four times as mudi nitrogen as tiie turnip ; and the 
ktter to the same quantity of nitrogen four times as mudi 
phospliorit' acid. 

If the developement of the oat-plant takes a similar 
course to that of tlie turnip, the former must have accu- 
mulated in ita undeiground oigaos before the time of 
shooting a store of organisable matter, similar to that laid 
up by the turnip at the close of the first year of vege- 
tation. The mass of organic substances accumulatiuic iii 
these plants before the developement of the fiower-staik is 
manifestiy much hunger in the turnip than in the oat- 
plant. The former receives from the soil much more 
phosphoric acid and nitrogen ; but the turnip had 122 
days, the oat-plant only 50 days, up to the period of 
shooting for extracting these nutritive substances firom 
the ground. Now if the turnips and oats growing on a 
hectare {2}^ acres) of land had daily recdved an equal 
amount of them, then, all other drcumstances being the 
same, the quantity of niitnlive substances absoi bed woulfl 
be proportionate to the time of absorption. In this 
respect the nature of the root makes a great difference, 
according to the extent of absorbent root-sur&ce. The 
larger root-surface is in contact with more earthy par- 
ticles, and can during the same time extract more nutritive 
substances than the smaller. The mass of vegetable 
substance produced, and espedally the quantity of non- 
nitrogenous and azotised materials, depend upon the 
nature of the plants. If the absorbent root-surface of the 
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oatrplaiit were 2*45 times greater than that of the turnip, 
the former would, under like circumstances, take up daily 

2-45 times as much food a.s the latter, i.e. the oat-plant 
would absorb iu 50 dnys as much as the turnip in 1 22 
days. Thus in equal times the power of two plants to 
absorb food is in proportion to their absorbent root- 
surface. 

The time of vegetatiuii occupied by tlie turnip-plant 
comprises, in the first year, 120 to 122 days, and termi- 
nates at the end of July in the next year with the produc- 
tion of seed. If we take the whole time of vegetation of 
the turnip-plant at 244 days, and suppose the time of 
vegetation of tlie oat-plant extended from 93 or 1)5 to 
244 days, we find that this would give suflficient time for 
growing two oat crops, and advancing a third half way to 
maturity ; and a care^ investigation might perhaps reveal 
that the quantity of sulphureous and nitrogenous consti- 
tuenls proihiced in the oat-plant is not k's.^ tliaii ihat 
obtained in turnip-plants from an equal area of ground. 

In the grains of the cereals tlie quantity of the sulphur- 
eous and nitrogenous constituents is to that of the non- 
nitrogenous (the quantity of the blood-making substances 
to the amylum), as 1 : 4 or 5 ; in the roots of turnips, or 
in the tubers of j)otatoes, as 1:8 or 10. In the latter, 
therefore, the quantity of the non-nitrogenous constituents 
is in proportion to the other constituents much greater. 

When at a certain temperature the organic process of 
germination begins in a grain of wheat, the embryo first 
sendb down a number of rootlets, while the plumule rises 
upward in the form of a short stein, with two or three 
comi^ete leaves. Simultaneously with the changes taking 
place in the -embryo, the constituents of the farinaceous 
body (albumen) become fluid ; the amylum is converted 
firbt into a substance resembling gum, theu into sugai*, 
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-while the gluten changes into albumen, and both together . 
form protoplastem (Nacgeli's organic food elements), or the * 

food of the cell. The Ihiidity of the new body enables 
it to find its way to the places -where the formatiou of 
ceUs is going on. The amylum supplies the elements 
required to form the outer wall of the cell ; the nitro- 
genous matter constitutes a principal ingredient of the 
cell contents. Simultaneously with the roots and leaves, 
small leaf-buds arise upwards on the stem-joint, and small 
root-buds appear at the baisis of the roots. 

In the protoplastem of the wheat^plant the non^-nitrO' 
genous matter exceeds the azotised matter as five to one. 

Except water and oxygen, no substance from without 
takes any part in these processes. What the seed loses in 
carbon by the formation of carbonic acid m gei-miuation 
is afterwards recovered almost entirely by the young 
plant* 

The plant developed under these circumstances barely 
increiises in substance to any appreciable degree, even 
though it may continue vegetating for weeks. The organs 
developed from a grain of wheat weigh all together, when 
dried, no more than the grain did before germination. 
The relative proportion of the non-nitrogenous and 
azotised substances in them is almost the same as in the 
£udnaceous body, the constituents of which have lu reality 
merely assumed other forms. The leaves, roots, stem, 
leaf-buds and root-buds collectively represent the con- 
stituent parts of the seed, transformed into organs and 
apparatus now endued with the power of performing 
certain operations which serve to carry on a chemical 
process, whereby external inorganic substances, with the 
cooperation of sunlight, are converted into products analo- 
gous in all their properties to the materials fix)m which 
these organs themselves arose. 
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The organic process of cell-formation presupposes the 
presence of the protoplasm^ and is independent of the 
chemical process by which the latter is genierated; but 
this chemical process is indispensable to the continuance 
of the cell-fonnation. 

In a young plant wliic h has been developed in pure 
water alone, the chemical process must soon come to an 
end for want of the necessary external condidons. The 
leaves and roots in this case can do no work as formadve 
organs. In the abisence of food they generate no products 
upon whicli the continued existence of the plant depends. 
When they have arrived at a certain state of develope- 
ment^ the cell-formatioa ceases in themselves, although it 
is still continued in the new root-buds and leaf-buds. The 
latter stand to the movable contents of the previoui?ly 
existing leaves and root^ in the same relation as the 
embryo of the wheat-seed to the farinaceous body. The 
non-nitrogenous and azotised constituents which represent 
the working capital of the existing roots and leaves are 
traubfi-irmed as the^e die into new organs, and new leaves 
are developed at the expense of the constituents of the 
old ones. But these processes are of short duration; 
allter a certain number of days the young plant diea 
The more immediate external cause of its short duration 
is the want of food ; Init another infenial cause i.s the 
conversion of the non-nitrogenous soluble substances into 
cellulose or woody tissue, whereby it loses mobihty. 
With the diminution of this soluble substance the most 
essential condition of cell-formation is impaired : when 
the whole luis been consumed, the ]M'oces.s comes to an 
end. The withered leaves, when burnt, leave behind a 
certain quantity of ash, showing that they retain some 
mineral matter; there remains in them also a small 
portion of nitrogenous substance. 
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Tke mo6t remarkable thing in this developeinent is the 
part perfonned by the nitrogenous matter of the seed, 
which becomes a constituent element of the root-fibres, 

stems, and leaves, where its agency serves to bring about 
the formation of cells. Aftc^r the death of the first 
leaves^ it becomes a constituent of the new ones, per- 
fonning in them the same part over again, so long as 
there remains material for cell-formation. But the nitro- 
genous matter itself is not in reuhty worked up in the 
plant, and forms uo actual tissue or component part of 
the cell. 

The experiments of BacmsQAXJVS on the growth of 
plants, in the absence of all nitrogenous food AnnaL de 

Chim, et de Phys.,' ser. iii., xliii., p. 140), though under- 
taken for a (lifi'erent puipose, arc well adapted to remove 
all doubt about the very important power possessed by 
the nitrogenous matter just now alluded to, viz. of main- 
taining the vital process in the plant, even where the 
mass of Uie plant itself receives no increase. 

In these experiments lupines, beans, oats, wheat, and 
cresses were sown in pure pumice-stone dust^ washed 
and burnt, with which was mixed a certain quantity of 
ash from stable-manure and &om seeds similar to those 
sown. The plants were grown partly under glass bells, 
with a constantly-renewed sup[>ly ot au* containing- 
carbonic acid. The air supphed, and the water used 
for the plants, were most carefully freed from ammonia. 
The results of these experiments were as follows: — 
In an experiment where the plants were grown under a 
glass beh, 1 7^0 grammes of seeds (hipines, beans, and 
cresses), coutaunng 0*227 gramme of nitrogen, gave 
16*6 grammes of dried plants; adding the amount of 
nitrogen in the soil, 0*224 gramme of that element was 
lecoveied In another experiment, where the pknts 
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were grown in free atmospheric air, with ihe exclusion, 
however, of dew and rain, 4*995 grammes of seeds 

(liq)iii('s, beans, oats, wheat, and cresses) gave 18'73 
grammes of dried plants. The seeds contained 0*2307 
gramme of nitrogen ; the plants and soil, 0 2499 
gramme. In the first series of experiments, all elements 
of food were supplied to the plants, except nitrogen ; 
the chief conditions required to form unazotised matter 
were priven, but those required to form azotised matter 
were idtogether excluded. 

The growth of a wheat plant in pure water and 
atmospheric air is tmattended with any increase of 
weight. The normal seed-com contains a certain 
quantity of potash, niagnesia, and hiiie, which are 
required iuterualiy for the organic formative process; 
but it has no excess of these mineral substances that 
could serve to effect the diemical process of a new pro- 
d action of protoplasm. Where the mineral substances 
are excluded, the organs will absorb water, but neither 
carbonic acid nor ammonia; at all events, these two 
latter substances, even though they be introduced into 
the plant by means of the water, exert no influence upon 
the internal process; they suffer no decomposition, and 
no vegetable matter is formed from their eltMnents. 

In Boussingault s experiments, the action of the mineral 
substances supphed is unmistakable. The weight of the 
plants produced was nearly 3^ thnes greater than that of 
the seeds sown : but the quantity of nitrogenous matter 
was tht? same as in the seeds. Hence we have a clear 
production of uon-nitrogrimns substance 2^ times more 
than the original weight of the seeds. A simple calcula- 
tion shows that the nitrogen in the seed has, imder these 
circumstances, caused the generation of 56 times its own 
wtdght of unuzotised niuLter ; or, what cumub to the same 
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thing (taking the amount of carbon in the latter at 44 per 
cent, only), the decompoaitioQ of 90 times its own weight 
of carbonic add. 

The course of vegetation in these plants throws sufficient 
light upon the processes going on in their organism ; in 
the first days their de\ ( lupement was vigorous, afterwards 
languid. The first-formed leaves withered after a time, 
and partly drq>ped of£, fresh leaves being developed in 
their stead, which went on in the same way ; and the 
vegetation seemed to reach a point where the newly 
developed parts existed at the expense of the decaying 
portions. A French bean, weighing 0 755 gramme, 
planted on the 10th May, had by the 30th July deve- 
loped 17 leaves, of whidi the first 11 were then dead 
and gone. The plant flowered, and on the 22nd August, 
wlum nearly all the leaves had diopped off, produced a 
single small bean, wliich weighed 4 centigrammes, the 
l^^tli part of the weight of the seed-bean. The entire 
crop weighed 2*24 grammes, veiy nearly three tunes as 
much as the seed-bean. In the case of a rye-plant it was 
very clearly observed how the unfolding of every firesh leaf 
was attended with the death of one of the old leaves. 

In the second series of experiments, the plants had 
absorbed (from the air) 1*92 milligramme of nitrogen, 
and produced 0'830 gramme more vegetable substance, 
givin'j 48 milligrammes of unazotised matter for every 
miliigramiue of nitrogen. 

The differBice in the developement of a plant in pure 
water from that of one grown, as in Eoussingault's ex- 
periments, in a soil supplying the incombustible consti- 
tuents of f(3od, is clear and unequivocal. The organs 
first formed received in both cases their elements from 
the seed ; in both, a certain quantity of mineral substances 
and also of soluble unazotised matter was consumed to 
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form celiuloee in the leaves, roots, and et/oma ; and the 
proportioii of the unazotised to the nitrogenous matter 
was altered. In the plant growing in water, there was a 

constant decrease of unazotised matter ; while in the 
other a certain qiuintity of that siibstiiiu c was generated 
anew. Nothing can be more certain than that in Bous- 
eingault'8 experiments, the first-formed leaves acquired by 
the supply of mineral substances the laculty of absorbing 
and decomposing carbonic add, a power not possessed by 
the plant developed in pure watx}r ; and that as niiu ii 
soluble imazotised substance was reproduced as had been 
consumed in the formation of the leaves and roots, by the 
conversion into cellulose of the store originally present. 

In the movable constituents of tiie plant, the relative 
proportion between the unazotised and the azotised seed 
constituents Wiis manifestly restored pretty nearly as it 
existed in the seed; both matters passed through the 
stem into every new formed leaf-bud, and took part in the 
developement of new leaves, by whose operation the con- 
sumption of uiiazotii^ed matter was alwiiys made good 
again within a certain limit, so that the same process 
could be repeated again and again for months. In every 
one of the dead leaves (and root fibres) a certain quantity 
of the azotised substance remained behind, and in the last 
period of vegetation the floating remainder of this sub- 
stance was collected in the pod and the seeds. 

The supply of mineral substances had served to effect 
the continuance of the chemical process, and caused the 
production of unazotised substances. By the presence of 
these mineral bodies, and by the cooperation of the azo- 
tised matters, new material was engendered from carbomc 
acid to form the cell-walls, and the term of life was pro- 
longed to its proper limit The most remarkable point 
is, that a quantity, compaiadvely so small, of azotised 
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substance derived from the seed, should so long be able 
to pertbrm its assigned liuictions, apparently without sut- 
fering any alteration ; bo that in the body of the tiving . 
plant, made to produce and coDect it^ it would seem to 
possess a idnd of indestrnctibflity. 

If we consider, that, in the dted experiment with the 
French bean, a great part of the additional unazotised 
substances which were produced fell away in the dying 
leaves from the body of the plants it will be seen that the 
supply of min^td substances was no use to the bean- 
plant in the absence of nitrogenous food. 

Lastly, it is quite intelligible that the amount of azo- 
tised matter contained in a bean might peihaps suffice to 
sustain for years the v^etation of one of the conifers 
with persistent leaves, and to produce many hundred— 
perhaps inany thousand — times its own weight of woody 
substance ; and that such a plant upon a barren soil alto- 
gether unsuited for other plants, might thrive with a very 
sparing supply of nitrogenous food, if the soil contained a 
proper store of those mineral substances whidh are indk^ 
pensable for the generation of iniazotised matter. 

The grow til of a plant essentially consists in the en- 
laxgement and multipHcation of the organs of nutrition, 
Le. the leaves and roots. The enlargement of the first, 
or the production of a second leaf or root fibre, requires 
the same conditions as the production of the first. The 
analysis of the seeds teaches us with tolerable certainty 
what these conditions are. In the normal conditions of 
nutrition, the first roots and leaves, whose elements were 
supplied by the seed, produce from certain mineral sub- 
stances organic compounds, which become parts and 
constituents of tliemselves, or constituents of fresh leaves 
and roots, consisting of the same elements and having the 
identical properties of the firsts i.e. they possess the same 
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power to transform mor^^^iuiic uutritive substuiicos into 
organic fonnativc iiiaturiak. 

It is quite clear that the eulargemeat of the £u»t leaves 
and roots and the production of new ones, must have 
required azottsed and unazotised substances in the same 
proportion as in the seed, which makes it probable that 
the organic operations of the plant inider the dominion of 
sunlight uniformly produce in all periods of growth tlie 
same matenaH i.e. the constituent elements of the seed, 
whidi serve to build up the plant, being fonued into 
leaves, stems, and root-fibres, or finally into seed. The 
soluble constituentis of a bud, a tuber, or the root of a 
peremiioi plant, are identical with the seed constitu- 
ents. The cereal plant produces azotised and unazotised 
substances in the same proportion as in the albumen 
(farinaceous body). The potato plant produces the con- 
stituents of the tuber, which are formed into leaves and 
branches or roots ; or, if the external conditions are no 
longer favourable to the formation of leaves and roots, 
accumulate again in the undei^ground stem, to form new 
tubers.* 

While the growth of the plant continues, the first as 
well as the last leaves and roots, will, with a proper 
supply of food, maintain their existence, since they repro- 
duce out of the nutriment supplied to them the identical 
constituents from which they themselves arose. The 

• RouHsiugault lias oV)servcd \htit < \ i.n sceda weigliing two or three 
jiiilligranimes, sown m an absolutely sterile soil, wiH produce plants 
in wliioli all the organs are developed, but their weight, aflcr uiondiii, 
doea not amount to niiich more than that of the original seed, even if 
ihcy vegetate in the open ear | «nd thereBoltia more maiked if they grow 
in a confined atmoephere. The planta remain deUcate, and appear 
reduced in all dimemdonfl ; thejr may, howevefi grow, flower, and eren 
bear seed, which only requires a ftrdle aoil to produce again a pknt of 
the natnral aiae. (' Gompt. zend.* t. xliy. p. 940.) 
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excess of these, which they do not require for their own 
enlAi^gement, goes to those parts of the plant where the 
motion of the fluids or the ceU-formation is most active, 
— viz., to the roots, the leaf-buds, or the extrcnie [xjints 
of tlio roots and shoots ; and, finall}^ as in the rase of 
summer plants, to the organs of seed-formation, which at 
the ripening of the seed absorb most -of the movable 
seed-constituents existing in the plant 

The supply of the incombustible elements of food led 
to the formation of unazotised matter, a portion of which 
was used to form woody tissue, whilst another portion 
remained available for the same puipose. The supply of 
nitrogenous food caused a corresponding production of 
nitrogenous matter, so that the protoplasm was con- 
stantly renewed, and, so long as the chemical process 
lasted, was increased. 

To enable a phmt to flower and bear seed, it would \ 
appear necessaiy in the case of many plants that the 
activity of the leaves and roots should reach a period of 
rest. It is only after this that the [)rocL'ss of ccU-fornia- 
tion seems to gain the ascendanc^y in a new direction ; 
and the constructive materials being no longer required 
for the formation of new leaves and roots, are used to 
form the flower and the seed. In many plants the want 
of rain, and the consequent deficiency of incombustible 
nutritive substances, will restrain the formation of leaves 
and hasten the flowering. Dry, cool weather favours the 
production of seed. In warm and moist climates the 
cereals sown in summer bear littie or no seed ; and on a 
soil poor in ammonia the root-plants more readily flower 
and bear seed tiian on a soil ricli in tliat snbst«nce. 

If the normal processes of vegetation require a definite 
proportion of unazotised and azotised materials in the 
protoplasm which is formed in the plant, it is evident 

. s 
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tJbat the want or excess of the mineral substances India- 
peDsable for the production of those matters must exercise 
a very decided influence upon the growth of the plants 

and upon the formation of the leaves, roots, and seed. 
Want of azotised and excess of lixecl nutritive substances 
would lead to the formation of unazotised materials in 
preponderating quantity; but when these have assumed 
the form of leaves and roots, they retain a certain amount 
of nitrogenous matter, thereby impairing the seed forma^ 
tion, a i)riiicipal cuiiditiou of which is an excess of proto- 
plasm. An excess of azotised food, with a deticiency of 
fixed nutritive substances, will be of no use to the plant 
itself, because the latter can for its organic operationa 
make use of nitrogenous substances only in proportion as 
they exist in the protoplasm, and the contents of the 
cell are of no value to the plant in the absence of the 
materials required to form the cell-walls. 

In the process of animal life the orgitns of the body are 
constructed from the elements of the egg ; the constituent 
pails of such constructed organs are azotised, whereas m 
the plant they contain no nitrogen. All processes of 
vegetative life teud simply to produce the elements of 
the seed. The plant only lives in generating the egg- 
constituents and the egg itself; the animal only lives by 
destroying these very egg-constituents. 

On one and the same soil efiually suited for the turnip 
and the wheat-plant, the former produces for the same 
amount of azotised substance twice as much unazotised 
matter as tiie latter. It is manifest tiiat if two plants 
produce within the same time different quantities of 
liydiates of carbon (wood, sugar, and amylum), the 
organs of decom(>osition must be arranged in a manner 
not oidy to afford adequate room for tiie carbonic acid 
supplying the carbon, and for the water supplying the 
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hydrogen, as well as to present a suitable extent of siii&ce ^ 
to the actioa of the light, but also to permit the liberated 
oxygen to escape as promptly as It becomes free. If we 

compare in this respect the leaves of a wheat-plant with 
those of a turnip-plant^ we hnd a striking difference in 
their size, and in the amount of water respectively con- 
tained in them ; and a microsoopic examination reveals 
still greater difi^nces. The -vtiieat-plant has erect leaves, 
which })resent to the lifjht a much small* r surface than 
the leaves of the turnip-plant, wliicli oversiiadow the 
ground, preventing the drying of the soil and the exha- 
lation from it of carbonic acid. In the wheat-leaf the 
stomates are equally thick on both sides ; in the turnip- 
leaf tliey arc much more numerous, although smaller tiuui 
in the wheat-leaf, and a far preater number of them are 
tbmid on the lower than on the upper side. 

All the fieicts known respecting the nutrition of plants 
tend to prove that it is not by a mere osmotic process that 
they absorb their food, but that the roots perform a very 
deiinite active part in selecting from the amount of food 
presented to them such matters and in such quantities as 
are best suited to the plant 

The influence of the roots is most manifest in the vege- 
tation of marine and fresh-water plimts, whose roots are 
not in cuntact with the soil. 

These plants receive their incombustible nutritive sub- 
stances from a solution in which these elements are most 
uniformly mixed and diffitsed ; and yet a oompaiadve 
analysis of the water and the ash-consdtuents of these 
plants shows that eacli species absorbs from the same 
solution different quantities of potash, lime, siUcic acid, 
and phosphoric acid. 

The ash of duckweed was found to contain 22 parts of 
potash to 10 parts of diloride of sodium, whereas the 

vS 
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water in which the pl^t had grown cx^ntaiued only 4 
parts of potaah to 10 parts of chloride of soditmL In the 
plant the relative proportion of the sulphuric add to the 
phogphoric acid was 10 to 14 ; in the water, 10 to 3. 

It is quite the Hainu Avitli marine ])laiit8. Sca-water 
contains for 25 or 26 parts of chloride of sodium 1*21 to 
1*35 of chloride of potasaium ; but the plants growing in 
it contain more potash than soda. The kelp of the 
Orkney Islands, which consists of the ashes of many 
species of fucus,* contains for 26 per cent, of chloride of 
potassium only 19 per cent, of chloride of sodium. 

Sea-water contains manganese, but in such exceedingly 
small quantity that it would certainly have escaped 
analysis, were it not invariably found among the ash- 
constituents of many marine ])lants. The ash of Padina 
pavonia (a species ol tang) is found to contain of this 
mineral even more than 8 per cent of the weight of the 
dried pkntf 

By the same power of selection the laminaria withdraw 
from the sea-water in which they grow the iodine com- 
pound.s present in it in such exceedingly minute quanti- 
ties. Chloride of potassium and ciiloride of sodium have 
the same form of dystallisation, and so many other 
properties in common, that without the md of chemical 
means we cannot accurately distinguish the one from the 
other. But the pkmL cieuiiy discriminates between the 

• See Godechen'a analysis of the asli of different species of fiiCQS. 
(*Annal. d. Chem. und Phann.' liv. 

f To give some idea of the extraordinary power which tliis plant 
Tn)isL po.HsesH to withdraw the manuiun se tVoni sea- water, I need 
simply state that tlu* qnanlity of this mt ial iu sea-water js so exceed- 
ingly wnall, that I could tind distinct traces of it only by suhji'oiini^ 
the sest^nioxide of iron, oljtained from twenty pounds of stii water, 
to a most aearchiog analysis. (Forchhammer and Poggendoff*, xcv. 
p. 84.) 
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two salts, for it separates the one from the oth^, and for 
every one equivalent of potassium which it absorbs 

leaves behind in the water more than thirty equivalents of 
8(xliinn. Manganese and iron, iodine and clilorine, are 
likewise isomorphous bodies ; yet the iodine plant separ- 
ates one equivalent of iodine in sea-water from many 
thousand equivalents of chlorine. 

The known laws of osmosis, and of the diffusion or 
interchange of water and suits through a dead membrane 
or a [)orous mineral body, give no explanation whatever 
of the action exercised by a hving membrane upon salts 
in solution, or how they pass through it into the plant 
The observations of Graham (* Phil Mag.' ser. IV. August 
1850) show that matters capable of exerting a chemical 
action upon animal nicnibranes, such as carbonate of 
potash and caustic potash, causing them to swell and 
gradually decomposing them, &cilitate the passage of 
water to an extraordinary degree .• Graham remarks 
that tlie pr(3cesses of alteration, deconiposition, and new 
formation, which are incessantly takinir place in the 
membranes and cells in all parts of the plant, and which 
we have no means of defining or measuring, must entirely 
change the osmotic process : the permeation of mineral 

* The water iu the tubes of liis opmoineter rose to 1G7 millimeters, 
when holding 1 /10m. per cent, of carbonate of potash in solution ; with 
1 per cent, of that salt, it rose to 863 millimeters (38 inches, English). 
In another experiment, the water liolUiiig 1 per cent, of sulphate of 
poUiiih ill solution, rose to twelve millimeters; upon tlie addition of 
1/10 per cent, of carbonate of pota«li to the solution, it rose to 254- 
264 millimeters ; the same potash solution bj itself rose onlj to 92 
miUioieterB, The notion of an oamodo equivalent is altogedier inad- 
miflnble, if the membnuie is chemically altered. Graham's latest 
inTCStigationa on the dialysis of crystalline and amorphous bodies are 
extremely interesting* and promise to throw considenUe lig^t upon 
the processes in the animal oigsnism. 
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substances through the living vegetable membrane must, 

therefore, be governed by very complex laws. 

Land plants act iu the same manner with respect to the 
soil iu which they grow, as marine plants to sea-water. 
One and the same field presents to the plants growiug in 
ity the alkalies, alkaline earths, phosphoric add, and ammo- 
nia, in absolutely the same form and condition ; but the 
ash of no one species of plant ever shows the same 
relative propoitions of component element as the ash of 
another species. Even the parasitical plants, which draw 
their mineral constituents in a certain state of prepara^ 
tion, from other plants on Tirhich they live, as the mistletoe 
(Viscum aUmm), do not comport themselves to the latter 
as a graftling to a tree, but absorb from the snp very 
different proportions of mineral constituents ( 'Annal d. 
Chem. iind Pharm.* liv. 363), Now, as the soil is perfectly 
passive in respect to the supply of these materials, there 
must be some agency at work in the plant itself, which 
regulates the absorption according to the requirements of 
each plant. 

The observations made by Hales (see Appendix C.) 
show that the exhalation from the surface of the leaves 
and branches ezeroses a powerful influence upon the 
motion of the fluids, and upon the absorption of water 
from the soil. If the plant drew its mineral food from 
a solution moving about in the soil and passing imme- 
diately into the roots, then two plants of diflerent species 
or kind, placed in the same conditions, would receive the 
same mineral substances in the same relative proportions ; 
but, as we have seen, two plants belonging each to a 
diflerent species contain these substances in the most dis- 
similar proportions. 

That a selection t^xkes place in the absorption of food 
by the roots is a fact beyond dilute. 
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In the case of aquatic plants, whidi grow under water, 
exhalation is altogether excluded as a posable operating 

cause of the passing of the food into the body of the 
plant. In these plants the absorbent surface must exer- 
cise very unequal powers of attraction upon the different 
mateiialsi which are presented by the solution in the same 
form and in a state of equal mobility ; or, what comes to 
the same thing, the resistance offered to their passage 
tiiiough the outermost cellular hiyers must be very 
dissimilar. The case cannot be diiibrent with the roots 
of land-plants, to judge from the unequal proportions of 
the substances severally absorbed by them. * 

The power of the roots to preclude the passing of 
certain substances from the soil into the plant is not 
absohite. Forchhammer (Poggend. *Annal.* xcv. 90) 
detected exceedingly minute traces of lead, zinc and 
copper in the wood of the beech, birch, and fir ; and tin, 
lead, zinc, and cobalt in that of the oak ; but the fact 
that the outer rind or bark, in particular, is fotmd to con- 
tain metals of this kind in perceptibly larger quantities 
than the wood, clearly points to the accidental nature of 
their presence, and to their taking no essential part in the 
vital processes of the plant 

How small the quantities of these metals must be 
which the roots of these trees absorb may be judged from 
the fact that hitherto chemical anal^^sis has not been able 
to detect traces of any other metal than manganese and 
iron, in the water of wells, brooks, or springs ; and their 
appearance in these wood-plant8» which during the growth 
of half a century or more have absorbed and evaporated 
»*in immense qumuity of water, is the only proof we 
jioss^, that tills water must actually have contained 
these metals in some form or other. 

The observations of De Saussubb, ScHLDfiSBEBOBB, and 
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Hebth, show that the roots of land and water plinitij 
absorb from veiy dilute saline solutions water and salt 
in proportions entirely different from those in the fluid ; 
in all cases a greater proportion of water, and a less 
quantity of stdt. In plaiit^ watered with very rlilute 
pohitions of salts of baryta, Daubeny found no baryta, 
whereas Knop in similar experiments detected this sub- 
stance. The general result of all these experiments is 
that, of themselves, the plants have not the power of 
offering a permanent resistance to the chemical action of 
Biilrs and other inorganic compounds upon the exceedingly 
line nienibrane of the root. 

Most land-plants in their natural state in the soil can 
bear no salt solutions, as concentrated as in these experi- 
ments, without sickening and dying ; and even carbonate 
of j)()la><li [incl aiiiiiioiiia, which we ceiiaiiily know to be 
nutritive subs>taiicos, act u])on many plants a« poison, even 
when present in the water which curculates in the ground 
cmly in sufficient quantity to impart a blue tint to red 
litmus paper. On the other hand, it wotdd be very 
wonderful if the roots of a plant outside the soil, and in 
conditions not suitable to their nature, should, under the 
iniiucnce of evaporation, be impenetrable for salt solu- 
tions.* 

• If the long limb of a syphon -shaped tube, (Hied with irater and 

( losi d with thick pieces of pig or ox bladder tied over both openings, 
is piaced in aalt-water or oil, and the other limb is exposed to the air, 
the water evaporates in the pores of the bladder with which the short 
liinb is closed. By the capillary action of the bladdrr, the water 
exuding in gaseous form h taken np apriin on the otlicr side of tlie 
bladder, and a vacumn is tlms cn'^ited in tli(^ interior of the tube, 
Avhcnco tlicrc i.s an iiiereiisri] |irc.s.suie iipdn tlio surfaces of both 
bladders, which forces the salt-water or tlu; oil through the bladder 
into the tube. (' Researches into some of the Causes of the Motion 
of Fluids, by J. v. Loibig. Branswick : Fr. Viewig & Son. 1848.*— 
p. 67.) A plant in umilar ccmditions is juat like a tube dosed with 
penetrable porous membranes. 
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Those mineral substances which, like kon, are constant 
canstituents of all plantSy though present only in very 
small proportions, must be regarded very differently from 
those metab which Porchhammer found in woody plants. 

We know tlie part which iron performs in tlie animal 
organism, in which it is present in comparatively no larger 
quantities than in the seeds of cereals ; and we are fully 
convinced that, without a certain amount of iron in the 
food of animals, the formation of the blood corpuscles, the 
agents of one of the chief functions of the blood, is im- 
posiiible. Hence, by the law of dependence, wliieh hnks 
together the life of animals and plants, we are compelled 
to ascribe to the iron in the plant also an active part in 
its vital functions so material that the absence of that 
metal would endanger the very existence of the plant 

Hitherto chemistiy lias attributed a positive part in the 
vital process of plants to those incombustible substances 
only which are common to all, and which differ only in 
the relative proportions in the plants. But should the 
conjecture prove true that iron is a constant constituent of 
chlorophyll and of the leaves of many flowers, it may be 
a.s8uined that other metals, found invariably present in 
certain varieties of plants (as manganese in Pavania, 
Zostem^ Trapa mOans^ in many ligneous plants, several 
cerealB, and in the tea shrub), take part in the vital tunc* 
tions, and that certain peculiarities depend upon the pre- 
sence of those metals. The asli of Vloln calaininaria, a 
plant which, in the parts about Aix-la-Chapelle, is held so 
strongly indicative of the presence of zinc, that the places 
where it grows are selected for opening new mines in 
search of zinc ore, is found to contain oxide of zinc 
(Alex. Braun.) 

As eliloride of sodium and chloride of pot4issium cause 
some piantd to tiirive, so iodide of potassium manifestiy 
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performs a similar part in others ; and if one plant may 
properly be called a chlorine plant, others may with equal 

propriety be termed iodine plants, or manganese plants.* 
(Prince Salin-Tf'M'^tiiiar.) 

The diversity in the amount of iodine in different 
varieties of fucus (Gaedeckem)^ or of alumina in vaiious 
kinds of Lycopodium (Count Laubach), remains, indeed, 
tmexplained ; but the power of plants to withdraw 
substances like iodiiiv, even in the smallest quantities, 
from the sea water in which they grow, and to accumu- 
late and retain them in their organism, can only be ex- 
plained upon the assumption that these substances have 
entered into combination with certain constituent parts of 
the plants, whereby as long as the plant lives they are 
pix^vented from retuining to the medium I'rom which they 
were taken.f 

It might be supposed that plants become saturated with 
the substances absorbed firom the air and from the soil ; 
and that all materials offered by the soil in solution, or 

made soluble by the cooperation of the roots, are absorbed 

* The emaiiuttioii of the following water-planta rerealed the 
preflence of conaideiable quantities of manganese aod iron in their ash, 
though the water in which %ey grew apparently oontained no trace 
of manganese t~^VklUma ngia (in ihe leaf-stalk prindpsilly manganese, 

in the leaf iron); Npnphwa ecmilea, dtntata^ luUa\ Hydrwsharia 
Hrtmholdti ; Nelumbium euperifolium. (Dr. Ziiller.) 

f With respect to the copper in tlu* grains of wheat and rye, which 
Meier of Copenhagen has shown to ho a constant constituent of both 
Heeds, Forchhammcr rPoggondorfT's ' Annal.' xc. 02 ) remarks : — ' It is 
an old and approved pnn tice to fteep grains of wheat, intended lor 
sowing, in a solution of" sviljiliate of copper. TIr' nsiial explanation of 
this practice is, that sulphate ol' co]>|>or destroys tlie Hj)orules of l)lig}it 
to which the wheat ]>lant is liable, an explanation which it is not my 
intention to dispute. Still it might also be held, supposing copper to 
be an essential constituent of wheat, that the piactioe in question 
senres to supply the copper necessary for the yigorons growth of the 
plant.* 
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without distmctioii. Upon this assumption, only tJiat 
substance in the plant could of course pass into it from 

without, whicli is withdrawn from the bolutioii wiLiiui 
for a formative p in pose. 

The investigations made by Schultz-Fleeth show that 
Nymfhesa alba and Aitmdo phroffmiies absorb from the 
same soil and water, the former nearly 13 per cent, the 
latter 4*7 per cent, of ash constituents ; and of these silicic 
ju 1(1 in the most unequal proportion; tlie asli of Ay/a- 
phmi alba containing lesa than ^ per cent, of that substance, 
while in the ash of Arundo phragmites there are above 
71 per cent Upon the supposition just made, an equal 
amount of silicic add is ofiered to the roots of both plants, 
and they both take up an equal quantity of it in proportion 
to tile \ oiuiue of the sap respectively. In the reed plant 
the silicic acid is incessantly withdrawn from the sap, and 
deposited in a sohd state in the leaves, the mai^gins of the 
leaves, the sheaths, &c. As the sap within contains less 
silicic add than the solution without, fresh quantities of it 
jire absorbed from the latter ; but not so with the Ni/m- 
p/iwa, because the silidc acid taken up by that plant is 
not cx)nsumed in it 

If we accept the same reasons for the passage into the 
plant of carbonic add and phosphoric add, then it 
can possess no actual power of selection, but the permea- 
tion of the nutritive substances will depend upon osmotic 
conditions. 

It certainly cannot be denied that the absorption of 
nutritive substances depends upon growtii or increase iii 
mass ; for as it is certain tiiat a plant will not <rrow if no 
food is offered to it, so it is equally certain that it will 
abf*orb no nutriment if the external conditions are not 
favourable to growth. Yet the view given above would 
force us to omdusions which are not founded in nature ; 
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such as, for instance, (1) that there is actually around the 
roots a solution containing all the ash constituents of the- 

plants ; and (2) that the roots of all plants have a similar 
structure, and tiien- sap is of the same nature. 

With regard to the roots, the most common observa* 
tions appear to show that they possess the power of 
selecting the proper mineral nutriment for the plant finom 
the matters presented to them. All plants do not thrive 
equally well in the same soil ; one kind succeeds best in 
soft water, another in hard water, or water abounding in 
lime ; another only on marshy ground ; many on fields 
rich in carbon and carbonic add* sudi as the turf-plants ; 
others again on soil containing large quantities of alkaline 
eiiidis. Many mosses and lichens will grow only on 
sLoucs, tlie surfaccii of which they sensibly change ; others, 
like Koleria, possess the faculty of extracting from sili- 
dous sandstone potash and the phosphoric add so sparingly 
present in it Boots of grass attack the felspar rocks, 
accelerating their disintegration. Eapes and turnips, san- 
foin and hioerne, as also the oak and beech, receive Liie 
chief part of their food from the subsoil poor in humus ; 
while the cereal and tuberous plants thrive best 'in 
the arable sur&oe soil, and in soil abounding in humus. 
The roots of many parasitic plants are absolutely unable 
to extract from the soil their necessary food ; but tliis is 
prepared for them by the roots of the plants on which 
they grow. Others again, as certain iimgi, grow only on 
vegetable and animal remains, whose azotised and un- 
azotised substances they use for their own construction. 

These &cts, accepted in their true significance, seem 
sudicient to remove all doubt respecting the different 
action of the roots of plants upon the soil. We know that 
common Lycopodium (dub-moss) and ferns absorb alu* 
mina ; yet we also know that this substance, in the form 
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in wldch it occurs in all fertile soils, is not soluble in pure 
water, or water contaiiiiiig carbome acid; and that it 
cannot be- detected in any other plant growing on the 
same soil by the side of the club-moss. In like manner, 

Schultz-Fleeth could not discover in the water in wliicli 
Arundo phragmites (one ot the plants most abounding ui 
silicic acid) was growing, sufficient silicic acid to yield a 
ponderable amount in tiie composition of 1000 parts of 
the water. 
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THE SOIL. 

The soil coutAus the food of plants — Soil and pubsoil ; conversion of the 
latter into the former — Power of the soil to witlidraw the food of 
plants horn aolutioii in pure and in carbonic acid water ; aamilar action of 
duwcoal; process of surface attraction; chtniiinl decomposition often 
Accompanies this aitnu tion of the food of j)hint8 in the soil ; general 
resemblance of the soil in its action to auimul cluircoal — All arable soils 
poeaeaa the power of absorption, but in different degrees — Mode of the 
disfcribtttion of the food of plants in the soil ; chemicallj and physically 
fixed condition of the food — Only the physically fixed are available to 
])liu!tM, ht'mg made soluble by the rf>(»*^ Power of the soil to nourish 
plnnts; on what dependent — Comportnit nt of an exhausted soil in 
follow — Means for making the chemically hxed elements of food avail- 
able to plants — Action of air^ weatherj decaying organic matters and 
chemicalmeans— Distribution of phosphoric and silicic ticids; influence 
of orjTRnic mntters — Action of lime — Process of the absorption of food 
from the soil by the extremities of the roots — Mechanicnl preparation of 
the soil; its ii^uence on the growth of plants; chemical ni< uns for pie- 
psiring the soil — Rotation of crops; its influence on the qunlity of the 
soil; action of draining — Plants do not receive their food from a solu- 
tion circulating in the soil ; examination of drain ; lyscmeter, spring and 
river water: bog water, food of plants contained in it; Rriickenauer 
spring water contains Yolatile &ttj acids; amount of food of pUmU in 
natural waters dependent on the nature of the soil through which thej 
flow — Mud anil bog earth as manure; explanation of their action— > 
Manner in which plants take up their ft>od from the soil ; expcririM nts on 
the growth of plants in solutions containing their food : similar experi- 
ments with soil containing the food in a physically fixed state — Intimate 
oonnectton of natural laws — Average crop ; neosssary quantity of assimi- 
lable food in the soil fc»r the production of audi; importance of the ex- 
tent of surface of tlir food in the soil : the root surface — Quantity of 

food for a given surface of roots necessary for a wheat or rve crop 

Analysis of the soil of a field — IHfferonce between fertility aiid produc- 
tive power of a field — Mode of estimating rektive extent of root sur- 
faces — Coiivf rfiion <if rv'e into wheat soil ; quantity of food necessary for 
the purpose; the plan impracticable — Tmniobility in the soil nf tht> food 
of plants; experience in agriculture — lieal and ideal maximum pioduo- 
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tion — Conversion in practice of tho chemicailj iixod food iuto an available 
form — EfiWct of a numuro depends upon the property of -U16 Mil — 
Bnproper rditiTe propoiiaaiBs ol the diflbxent elements of fiwd in tiie 
Boil : etttet of this upon the difierent oultirated plsnti: neene Ibr xestor^ 
ing the pioper xeUttve pioporfcions. 

?EOM the soil plants receive the food necessary for 



their developement ; hence an acquaintance with it6 
chemical and physicaL propertieB is impartant in helping 
ufi to understand the nutritive processes of plants, and the 

operations of agriculture. As a matter of course, a soil 
to be fertile for cultivated plants, must, as a primary 
condition, contain in sufficient, quantity the nutritive 
substances required by those plants. But chemical 
aDatysis whidi determines this relation gives but rarely 
a correct standard by which to measure the fertility of 
difit'i LMit soils, because the nutritive substances therein con- 
tained, to be really available and effective, must have a 
certain form and condition, which analysis reveals but 
imperfectly. 

Bough uncultivated ground, and soil formed from the 

diift and dried mud of the highroads, are speedily 
overgi'owa with weeds, and tliougli often still unfit for 
the cultivation of cereal and kitchen plants, may yet 
prove not imfruitful for other plants, requiring, like 
clover, sanfoin, and lucerne, a laige amount of food, 
and which are often seen thriving luxuriantly on the 
slopes of railway embankments formed of earth that has 
never been under cultivation. A similar relation is 
shown by the subsoil of many ^elds. In many of them 
the earth from the deeper layers improves the sur&ce 
soil, and increases its fertility ; in others, the subsoil mixed 
with the surface soil destroys the fertility of the latter. 

It IS a remarKui) le fact that rough uncultivated soil, 
uusuited for cereal and kitchen plants, may by diligent 
cultivation during several years, and by the influence 
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of the weatlier, become fertile enough to produce those 
plants which it foimerly refused to bear. The dif- 
ference between fertile arable land and barren undlled 
soil is not the result of any dissimilarity in the nutri- 
tive substances which they cv»iiiaiu; because' in cul- 
tivation upon a large scale, to convert the untilled rough 
soil into fertile arable land, the ground, so £eu: from being 
enriched^ is rather impoverished by the cidtivation of 
other plants on it. 

The tliflerence between the subsoil and the arable sur- 
face soil, or the crude and the cultivated soil, supposing 
that both coutiim the same amount of nutritive substances, 
can only be founded upon this, that the cultivated ground 
contains the nutritive substances of plants, not only in a 
more uniform mixture, but also in another form. 

Xow as from the inlluence of cultivation and weather 
above-mentioned, the rougli soil acquuea the power of 
fumishing^the elements of food which it contains, m just 
the same quantity and in the same time as cultivated soil, 
a power which was formerly wanting in it with regard to 
certain plants, it cannot be denied that an alteration must 
ha\ e taken place in the original form and fashion of these 
elements. 

Suppose we have a soil consisting of disintegrated 
rocks : in the smallest particles of such a soil, the nutri- 
tive substances of plants, as potash for instance in a 

sihcute, are retained in combination by the chemical 
attraction of silicic acid, alumina, &c. This attraction 
has to be overcome by one still more powerful, if the 
potash is to be hberated and made available for passing 
into plants. If we find that some plants are perfectly 
developed in a soil of the kind, which remains unfruitful 
for other?, we are led to assume that the foiiner are able 
to overcome the chemical resistances opposed to their 
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growth, and that the latter are not. Further, if we find 
the same soil gradually acquiring the power of producing 
these latter plants also, we can assign no other reason 
than thk, that by the combined action of air, water, and 
carbonic acid, aided by mechanical operations, the chemi- 
cal resbtuacijs Juivc been overcome, and the alimenlaiy 
substances have been reduced to a form in which they are 
available for absorption even by plants endowed with the 
feeblest powers of vegetation. 

A soil can only then be said to be perfectly fertile for 
a g^ven species of plant, e.g. wheat, when every part of 
its horizontal section which is in contact with tlu^ mots 
contains the amount of food required by the plant, in a 
form allowing the roots to absorb such food at the proper 
time, and in the proper quantity, during evexy stage of 
its developement 

In a former section mention has been made of a 
property possessed by anible soil, viz. that when 
brought into contact with solutions of the articles of 
food most essential for plants in pure water or in water 
containing carbonic acid, it can withdraw these elements 
of food from such solutions. This power throws hght 
upon the form and condition in which these materials are 
contanuxl or combined in the soil. 

To estimate this property correctly in its bearing upon 
the life of plants, we must call to mind a similar property 
in charcoal, which, like arable soil, withdraws from 
many lluids colouring matters, salts and gases. 

This power in charcoal depends upon a clieniiciil 
attraction proceeding from its surface, and the materials 
withdrawn from the fluid adhere to the charcoal in 
exactly the same way that the colouring matter adheres 
to the fibre of coloured stufis coated over with it 

The property of decolorising coloured fluids, which 

P 
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animal wool and rcoretable libre share in common with 
cliarcoal, is perceptible in those kinds of charcoal only 
which possess a certain d^ree of porosity. 

Powdered pit coal, and the shining, smooth, blistered 

charcoal from sugar or blood, have hardly any decolorising 
action ; whereas j)orous blood-charcoal and bone-charcoal 
with its line pores exceed all other varieties in tiiis 
property. 

Among the wood-^^harcoals, those made £rom poplar or 
pine, having ^vide pores, are inferior to the charcoal of 

the beech and box tree ; all these varieties decolorLse in 
proportion to the extent of surface which attraeti> coloui'- 
ing matter. The attractive force which charcoal exercises 
upon colouring matter is about on a par with the feeble 
affinity of water for salts, which are dissolved by it, but 
without alteration of their chemical properties. When 
dissolved in water, a salt simply assumes the fluid state, 
and its particles acquire mobility; but in all other 
• respects it retains its characteristic properties, which, as 
is well known, are completely destroyed by the action of 
a stronger affinity than that of water. 

In this respect the attraction of charcoal resembles that 
of water, for both attract the dissolved matter. If tlie 
attraction of the charcoal somewhat greater than that 
of the water, then the colouring matter is completely 
withdrawn from the water ; if the attraction of both is 
equal, a division takes place, and the extraction is only 
partial. 

The materials attracted by the charcoal retain all their 
chemical properties, and continue unaltered, merely losing 
their solubility in water ; yet veiy slight circumstances, 
increasing in the least degree the attractive force of the 
water, ai*e sufficient again to withdraw from the charcoal 
the materials absorbed by it, and which simply coat its 
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surfiice. By a slight addition of alkali to the water tiie 
colouring matter may be discharged from the charcoal 

which has been used to decolorise the fluid, anil by 
treatment with alcohol, the quinine or strychnine ab- 
sorbed by charcoal from a Huid may be again extracted. 

The arable soil possesses, in these respects, the same 
properties as charcoal. Diluted Mquid manure, of deep 
brown colour and strong smell, filtered through arable 
soil, flows off colourless and inodorous ; aiid not merely 
does it lose its smell and colour, but the ammonia, 
potash, and phosphoric acid which it holds in solution, 
are also more or less completely withdrawn from it by the 
soil, and this in a £gu: greater d^ree than by charcoal. 
The rocks which by disintegration give rise to arable 
soil, if reduced to a fine powder, are just tis little pos- 
sessed of tliis power as pounded coal. On the contrary, 
contact with pure water or water containing carbonic acid, 
deprives many silicates of potash, soda, and other const!- 
tuents, a clear proof that the former cannot possibly with- 
draw the latter from tlie water. There is no perceptible 
connection between the composition of a soil and its power 
of absorbing potash, ammonia, and phosphoric acid. A 
soil abounding in clay, with a small proportion of lime in 
it) possesses this absorptive power in the same degree as a 
lime soil with a small admixture of clay ; but the amount 
of humus substances will alter the absorptive relation. 

By a closer observation we perceive that the absorptive 
power of arable soil differs in proportion to its greater or 
less porosity ; a dense, heavy day soil and a loose sandy 
soil possess the absorptive power in the smallest degree. 

Tliere can be no doubt that all the component parts of 
arable soil have a share in these properties, l)ut only when 
they possess a certain mechanical condition, like wood or 
animal charcoal; and that this power of absorption 

r 8 
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depends, as in charcoal, upon a surface attractioD, which 
is tenned a physical attraction, because the attracted 
particles enter into no chemical oombmotion, but retain 

their chemical properties.* 

Tlie arable soil owe^ its fonnation to tlic (lisinte£(ratiou 
of minerals and rocks, brought about by the action of 
mighty mechanical and chemical agencies. Though the 
comparison may not be altogether apt, the rock may be 
said to stand in about the same relation to the arable soil 
resulting from its disintegration as the wood or the vege- 
table fibre to the humus resulting from its decay. 

The same causes which in the course of a few years 
convert wood into humus act also upon rocks, with this 
difference, however, that it requires the combined action 
of water, oxvl^c'ii, and carbonic acid, for probably a 
thousand years, to pioducf from l)asall, trachyte, felspar, 
or poiphyry, the thinnest layer of arable soil (such as is 
found in the plains of river valleys and low lands) with 
all the chemical and physical properties suited for Ihe 
nutrition of plants. Sawdust possesses the properties of 
humus no m<jre than powdered rocks have tlie ])r()perties 
of aniblc soil. No doubt sawdust may pass into humus 
and powdered stones into arable soil, but the two states 
are essentially distinct ; and no human art can imitate the 
operations which were necessaiy, during immense ages, 
to convert the divers kinds of rocks into arable soil. 

Arable soil, resulting from the disintegration of various 
kinds of rocks, bears the same relation, in respect of 
absorptive power for inarffanic substances in solution, as 
the woody fibre altered by the action of heat bears to 
organic substances in solution. 

* The terokf ' phyaioal attnctioii,* as used bere, does not rignify a 
peculiar attractive force, but merely deslgnateB the ordiuaiy chemical 
aiBnity, which ahowa difformces of d^ee m its manifeBtation. 



Digitized by 



AAABLE SOIL COMPARED TO ANIMAL CHABGOAL. 69 



It has been stated, that from a solution of carbonate of 
potash or ammonia, or from a solution of phosphate of 
lime in carbcmic add water, the arable soil will withdraw 
the potash, ammonia, and phosphoric acid, without any 
chemical interchange with tlic coii'^tituents of tlie earth 
Uiking place. In this rei>pect the action of arable soil is 
absolutely like that of charcoal But it goes farther, for it 
is sufficiently powerM to sever the connection between 
the potash or ammonia and the mineral acid, for which 
they have the greatest affinity, the potash being absorbed 
by the soil just as though it were not combined with 
an acid. 

In this property arable soil is like animal charcoal, 
which, by means of the phosphates of the alkaline earths 
contained in it, decomposes many salts that are not 

afTected by charcoals free iiuiii suck phosphales ; and, 
williuut doubt, the lime and magnesia compounds in- 
variably present in arable soil have a shore in this 
decomposing power which it possesses. 

We must suppose that the attractive force of the earthy 
partides wotdd not in itself be strong enough to separate, 
for instance, potash from nitric acid, and that it requires 
the additional attraction of the lime or magnesia to de- 
compose the nitrate of potash. On the one side tlie soil 
attracts Ibe potash, on the other the lime or magnesia in 
the earth attracts the nitric acid, and thus the combined 
attraction eflects, as in innumerable instances in chemistry, 
a separation which could not have been brought about by 
a simple one. 

The process of decomposition effected by arable soil 
difiers only in one respect from the ordinary chemical 
processes, namely, that in the latter, as a general rule, no 

soluble potash salt is decomposed by an insoluble lime 
salt, in such a manner that the potash is thereby made 
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insoluble and the lime soluble. There is evidently here 
some other attractive force at work, which alters the 
effect of chemical affinity. If a solution of phosphate of 
lime in water containing carbonic acid is filtered through 
:i fimnel filled witli earth, the uppermost layer of the 
eariii iiv^i lakes up tlie pliosphoric acid or the plio.-phate 
of lime from the fluid. Once saturated therewitli it no 
longer stops the free passage of the dissolved phosphate 
of lime which now reaches the layer beneath ; the latter 
then again becomes saturated in the same way, and thus 
by degrees the ])liosphate of hme is completely diffused 
tliroughout the earth in the funnel, so that every paiticie 
retains on its surface an equal proportion of this substance. 
If the phosphate of lime were of the colour of madder and 
the soil colourless, the latter would now actually present 
the appearance of a madder lake. Just in the same way 
potash is diffused ihrough the soil when a solution of 
carbonate of potash is Altered through it; the lower 
layers receive what the upper do not retain. 

There is no need of any special disquisition to show 
that the phosphate of lime contained in a particle of bone- 
earth is diffused in exactly the same way through arable 
soil, with this difference, that the solution of pliospliate of 
lime in rain-water containing carbonic acid is effected at 
the very spot where the partide lies, and spreads thence 
downward and in all directions. 

The potash and the silicic acid rendered soluble by 
disintesn at ion, or by the action of water and carbonic acid 
upon silicates, are diflused through the soil in the same 
way^ so is ammonia also, which is conveyed in rain-water, 
or is generated by the putrefaction of the azotised consti- 
tuents in the decayed roots from the successive generation 
of plants grown on a held. 

Every soil must therefore contain potash, sUicic add 
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and phosphoric acid in two different fonns, namely, in 
chemical and in physical combination : in the one form, 
infinitely difitised over all the sur&oe of the porous par- 
tides of the soil ; in the other, in the shape of granules 

of phosphorite, or apatite and felspar, very unequally 
distributed. 

In a soil abounding m silicate and in phosphate of lime, 
which has for thousands of years been exposed to the dis- 
solving action of water and carbonic acid, the component 
particles will be found everjrwhere physically saturated 
with potash, a-iuinouia, silicic acid, and phosphoric ucid ; 
and it may occur, as in the case of the so-called Russian 
black-earth, that the phosphate of lime dissolved but not 
absorbed is deposited again in concretions, or in a crystal- 
line form in the subsoil 

In this state of physical combination the alimentary 
substances are manifestly in the iiiost favourable condition 
to serve as food for plants ; for it is clear that the roots, 
in all places where they are in contact with the soil, will 
find the necessary nutritive sabstances in the same state 
of diffusion and readiness as if these substances were in 
j^olution in Avater, but at the same time not movable of 
thcmseivcii, and retained in the soil by so shght a force 
that the most trifling dissolvent cause brought to bear 
upon them suffices to effect their solution and transition 
into the plant 

If it is true that the roots of cultivated plants have no 
inherent power to overcome the force which retains 
together potash and sihcic acid in the sihcates, but that 
those elements of food only which are in physical com- 
bination with the soil can be taken up and made avail- 
able for nutriment, this explains the difference between 
cultivated tuid uncultivated ground, or barren subsoil. 

•Nothing can be more certain than tliat the mechanical 
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treatment of the soil and the influence of the wcatiier 
serve to strengthen the causes which bring about the 
di8mt^[ration and deoompoaition of the minerals, and the 
uniform distribution of the elements of food contained 

in them and rendered soluble. The elements chemically 
combined in the minerals are i-elea^^ed from that coni- 
binatiou^ and in the arable soil gradually resulting iirom 
this decomposition acquire the form in which they are 
available as food for plants. It is evident that ordy by 
degrees the rough ground can attain the properties of arable 
soil, and ihnt the time required for this change depends 
upon the quantity of rmtritive substances present, and 
upon the obstacles which oppose their distribution, or 
their disintegration and decomposition. The perennial 
plants, and particularly the so-called weeds, consuming in 
proportion to tlie time less food, and absorbing lon<]^er, 
wiU. always thrive on a soil of this description long buiui'e 
annual or summer plants, which in their shorter period 
of vegetation require a far lai^er amoimt of nutritive 
substances for their full developement 

The longer a soil is imder cultivation, the more it 
becomes suited for the growth of i^nn mi or plants, from 
the recurrence and operation of the causes by which the 
nutritive substances are converted from a state of chemical 
into one of physical combination. To be productive, in 
the fullest sense of the term, a soil must be able to afford 
food at all points in contact with the roots of the plants ; 
and, however small the quantity of this food may be, it 
must necessarily be distributed through every part of the 
soil 

The power of the eoil to nourish cultivated plants is 
therefore in exact proportion to the qtiantity of nutritive 

substances which it contains in a state of physical satura» 
lion, Tiie quiuitity of the other elements in a state of 
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chemical combination distributed tlnx)ugh the ground, is 
also highly important, as serving to restore the state of 
saturatioii, when the niitritive substances in physical com- 
bination have been withdrawn from the soil by a series of 
crops reaped from it 

Experience proves that the cultivation of decp-rootiug 
plants, which draw their food principally from the subsoil, 
does not materially impair the fertihty of the surface soil 
for a succeeding crop of cereal plants ; but the suc- 
cessive cultivation of the latter will, in a comparatively 
small ninnber of years, render the soil incapable of 
yielding a remunerative croj). 

With most of our cultivated fields this state of exhaus- 
tion is not permanent If the ground is lelt fallow for 
one or more years, especially if it is well ploughed and 
harrowed diu*ing the time, it recovers the power of 
yielding a remunerative crop of cereal plants. 

Chemical analysis leaves altogether unexplained the 
causes of this &ct, so highly important to agriculture, and 
which has been fidly established by the experience of 
several thousand years. If the reason be that cereal 
plants feed on those substances only which are in physical 
combination in the surface soil, then we can easily under- 
stand the remarkable fact of a £eld recovermg its power 
of production without any supply of manure ; for though 
the nutriment in this form constitutes but a small portion 
of the soil by weight, yet it imparts nutritive qualities to a 
large volumr of it; and it is quite intelligible that a soil 
not origiuaily rich in nutritive substances physically com- 
bined, when drained of them by the innumerable under- 
ground absorptive organs of a plant, must veiy speedily 
become unsuited for the cultivation of that plant 

Now as the cultivated soil is composed in the main of 
ingredients which are identical with the coustituents of 
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uncultivatod prroiind, and as the agencies efiecting the 
decomposition of these ingredients and the traospositioa 
of their ooiistituents afibrding food to plants are in 
constant operation, it is easy to conceive how, by the 
influence of sach causes, an exhausted soil, which is in 
fact nothing eLse than a soil reduced to its crude state 
previous to cuhivation, must regain the properties wliich 
it had lost. With the conversion of a fresh portion of the 
food elements from a state of chemical to one of phffHcal 
combination, the field recovers the power of affording 
food to a fresli vcL^otatiou in sucli quantity tliat the crops 
are again rennnierative to the ainicnlturij^t. 

An exhausted field which is again rendered productive 
by fallowing, may accordingly be defined as land deficient 
in physically combined nutritive substances necessazy for 
a foil crop, while containing an excess of snch substances 
in a chemimUy combined state. The fallowing season, 
therefore, meaus the time in which tlie nutritive sub- 
stances pass over from the one state to the other. It is 
not the amoimt of nutritive substances that is increased 
in Allowing, but the number of particles of their con- 
stituents capable of affording nutrition. 

What is here {Ls.«^erted of all the mineral nutritive sub- 
stances without distinetion apphes equally to every soil 
constituent required by the plant. The exhaustion of a 
field may often simply depend upon a deficiency of 
available silicic add for the coming crop of cereal 
plants, while the other food elemeut6 may be super- 
abundant. 

It is evident from the natuie of the process, that if 
the soil is altogether deficient in disint^rable sihcates or 
soluble earthy phosphates, the action of time, the plough, 
and the weather in fallow will not restore fertility to a 
field, and that the effect of disintegrating causes will vary 
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With the time they are in operatiou, and with the com- 
position of the different soils. 

It dearly resultB torn the foregoing observatioDS, that 
one of the principal requirements of the practical former 
is to know the causes as well as the means whereby the 
Ufofiil nutritive substances present in his field, but not in 
a form available for rnitrition, may be rendered diffusible 
and capable of doing their work. 

The presence of moisture, a certam degree of heat> and 
free access of air, are the proximate ccmditicnis of those 
changes by which the nutritive substances in chemical 
combination are made available for tlie roots. A certain 
quantity of water is indispensable to tran^ose the soU- 
constitaents when rendered soluble ; water, with the co- 
operation of carbonic add, decomposes the silicates, and 
makes the undissolved phosphates soluble and diffusible 
througli the soil. 

The organic remains decaying in the ground afford 
feeble but long-continued sources of carbonic add ; but 
without moisture no process of decay can take place. 
Stagnant water, again, which exdudes the access of air, 
prevents the generation of carl)onic acid ; and the pro- 
cess of putrefaction is attended with the generation of 
heat, whereby the temperature of the soil is perceptibly 
increased. 

By the aid of putrescent vegetable and animal remains, 

a field exhausted by culture will regiiiu its fertility in 
a shorter time, and the use of farm-yard manure in 
time of follow will promote the process. The dense 
shadow cast by a leafy plant tends to retain moisture 
longer in the ground, and thus increases the action of 
the disintegrating agendes during the Mlow season. 

In a porou.s soil abounding in lime the putrefactive 
process of organic matter proceeds much more quickly 
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than in a clay '^oil ; the presence of the alkaline eaith, 
under these circumstancea, serving to cuddiae the car- 
bonaceous matter, and to convert the ammonia present in 
the soil into nitric add. 

All kinds of lime, when lixiviated, give up nitrates to the 
water. Nitric acid is not retained by the porous earth, 
as is ammonia ; but it is carried down combined with 
lime or magnesia by the rain-water into the deeper layers 
of the soiL While the formation of nitric acid taking 
place in the ground is useful for plants which, like dover 
and peas, draw their food (here including nitrogen) from 
a greater depth, yet for this very rea^jou fallow in has a 
less beneficial efiect, with a view to the culture of 
cereal plants, upon a lime soil rich in animal remains ; 
for by ^e conversion of anmionia into nitric acid, and its 
removal, the ground becomes poorer m one of the most 
important elements of the food of plants. The cjase is 
conceivable that a field of the kind, if not cultivated for * 
a number of years, may ultimately have its productive 
powers impaired by a defidency of nitrogenous food in 
the soiL 

The cause of the exhaustion of a field by the cidture 

of any plant is alwaj^s, and under all circumstances, 
dependent upon a deficiency of one or more nutritive 
substances in those portions of the soil which are in con- 
tact with the roots. A field in which these portions are 
defident in phosphoric add in ihe state of physical com- 
bination, will be found unsuited for the production of a 
proper crop, though it sliould contain abundance of avail- 
able potash and silicic acid. The same results wiii follow 
from a want of potash, even though phosphoric and silidc 
adds be plenti^ ; and equally so from a want of silidc 
add, lime, magnesia, or iron, even where potash and 
phosphoric acid aie in abundance. 
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When the exhaustion of a field is not caused by the 
absolute deficieae^ of food elements, when even a more 
than adequate supply of all the needful nutiimeat is theie, 
but not in tbe proper form, and where consequently fietl- 
lowmg will again render the crop remunerative, the farmer 
has means at his disposal to assist the action of the natural 
agencies, whereby the conversion of the food elements 
into the state of physical combination is effected, and 
thus to shorten the fallowing season, or even in many 
instances to make it altogether superfluous. 

We have seen that the diffusion of eaithy phosphat(3s 
through the soil is efibcted exclusively by water, which, 
if containing a certain amount of carbonic add, dissolves 
these earthy salts. 

Now, there are certain salts, such as chloride of sodium, 
nitrate of soda, and salts of ammonia, which experience 
lias proved to exercise, under certain conditions, a favour- 
able action upon the productiveness of a held. 

These salts, even in their most dilute solutions, possess, 
like carbonic add, the remarkable power of dissolving 
phosphate of lime and phosphate of magnesia ; and when 
such solutions are filtered through arable soil, they behave 
just hke the solution of these phosphates in carbonic acid 
water. The earth extracts from these salt solutions the dis- 
solved earthy phosphates, and combines with the latter. 

Upon arable soil mixed with earthy phosphates in 
excess, these salt solutions act in the same way as upon 
earthy phosphates in the unmixed state, that is, they dis- 
solve a certain proportion of the phosphates. 

Nitrate of soda and chloride of sodium suffer, by the 
action of arable soil, a similar decomposition to that of 
the salts of potash. Soda is absorbed by the soil, and 
in its stead Uuie or magnesia enters into solution in 
combination with the add. 
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If we coirn>are tlie action of arable soil upon salts of 
potash and salts of soda, we ^d that the soil has far less 
attraction for soda than for potash; so that the same 
volume of earth which will suffice to remove all the pot- 
ash from a .solution will, in a solution of chloride of 
sodium or nitrate of soda of the same alkaline sU engtli, 
leave undecomposed three-fourths of the dissolved chlo- 
ride of sodium and half of the nitrate of soda. 

If, therefore, a field exhausted by culture^ which con- 
tains earthy phospliate scattered here and there, is 
manured vnth uitrate of isodii or chloiide of sodium, and 
by the action of rain a dilute solution of these salts is 
formed, a portion of them wiU remain undecomposed in 
the ground, and must in the moist soil exert an influence, 
weak in itself, but sure to tell in the long run. 

Like carbonic acid generated by the putrefaction of 
vegetable and animal substances, and dissolving in water, 
these salt solutions become charged with earthy phos- 
phates in all places where these occur. Now when these 
phosphates difiused through the fluid come into contact 
with particles of the arable soil not already saturated with 
them, they are thereby withdra^vn lioni the solution, and 
the nitrate of soda or chloride of sodium remaining in 
solution again acquires the power of repeatedly exerting 
the same dissolving and dii^ising action upon phosphates 
which are not already fixed in the soil by physical attrac- 
tion, until these salts are finally carried down by rain- 
water to the deeper layers of the soil, or are totally 
decomposed. 

It is well-known that chloride of sodium is present in 
the blood of all animals, and that it plays a part in the 
processes of absorption and secretion ; hence it may be 
regarded as indispenf*able for these functions. We find 
also that natuie has endowed fodder-plants, tuberous and 
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root-plants, wliich serve more particularly as food for 
cattle, with a greater power of taking up chloride of 
sodium from the soil than is possessed by other plants ; 
and agricultural experience shows that the presence 
of a small amount of common salt is &Yourable to the 
luxuriant gro\vth of these plants. 

Of nitric acid, it in generally assuiiicd that it may, like 
ammonia, serve to sustain the body of the plant. Thus, 
chloride of sodium and the nitrates act in two distinct 
ways : one direct, by serving as food for the plant ; one 
indirect, by rendering the phosphates available for the 
purposes of nutrition. 

The salts of ammonia act upon earthy phosphates in 
the same way as the salts just mentioned, but with this 
distinction, that their power of dissolving phosphates 
is far greater; a solution of sulphate of ammonia will 
dissolve twice as much bone-earLli as a solution of an 
equal (quantity of chloride of sodium. 

However, as r^ards the phosphates in the soil, the 
action of the salts of ammonia can hardly be more 
powerful than that of chloride of sodium or nitrate of 
Boda, since the salts of ammonia are decomposed by the 
soil much more speedily, and often even immediately ; so 
that, as a general rule, no solution of such a salt can be 
said to be actually moving about in the soiL But as a 
certain volume of earth, however smaU, is required to 
decompose a given quantity of salts of ammonia, the 
action of those salt^ upon this small volume of earth 
must be all the more powerful. While, then, the action 
of salts of ammonia is barely perceptible in the somewhat 
deeper layers of the arable sur&ce soil, that which they 
exerdse on the uppermost layers is so much the stronger, 
Feidbtinger observed that solutions of salts of ammonia 
decompose many silicates, even felspai*. and take up 
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potash from the latter. Thus, by their contact with the 
arable soil, they not only enrich it with ammonia, but 
they effect, even in its nunutest particles, a thorough 

transposition of the nutritive substances required by 

plants. 

The vegetable and aninial remains in a soil seem to 
ezerdae a remarkable influence upon the diffusion of 
silicates. The experiments made on this point show 
that the absorptive power of an arable soil for silicic 

acid is in an inverse ratio to the amount uf organic 
remains in it ; so that a soil rich in such remains will, 
when brought into contact with a solution of silicate of 
potash, leave a certain amount of silicic add unabsorbed, 
whereas an equal bulk of soil poor in organic remains 
will take up tiie whole of the silicic add in the solution. 
The incorporatiou of decapng vep^etable and animal 
matter will, tlierefore, in a soil containing disintegrable 
silicates, first of all accelerate the decomposition of the 
siUcates, by the action of the carbonic add generated in 
the process of decay, and then, as these substances 
diminish the absorptive power of tlie soil for silicic 
acid, as soon as this acid has ])assed into solution, 
it is distributed through the soil more widely than 
would have been the case had these substances not been 
present. 

On many fields poor in clay, the growth of grass for 

several years will, in consecjuence of the organic matters 
collecting in the soil, which serve to promote the distii- 
bution of the silidc add, act more £&vourably on a suo 
ceeding crop of a cereal plant than a plentiful application of 
farm-yard manure, whose organic constituents, quite hrre- 
spective of the silicate of potash in the straw, are always 
in operation to effect the same object. On many other 
fields, especially on those abounding in lime, where there 
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is no actual deficiency of silicic acid, but the quantity 
present is not pn^rly distributed through the soil, a 
dreasing of ptdverised turf-waste often produces an 
equally favourable effect on a succeeding cereal crop as 
a plentiful application of ftirm-yai'd manure. 

De^ciency or excess of soluble silicic acid in the 
ground is equally injurious to the growth of cereal 
plants. A soil which woiild answer very well for horse- 
tail or common reed (Amndo phraffmites^ plants abound- 
ing in silica) is not on that account cquaily well suited 
for the superior kinds of meadow gras^^, or for cereab, 
although these demand a rich supply of silicic acid. 
Such a soil may be improved by drainage, which, by 
giving free access to air, deoompos^ and destroys the 
organic substances present in excessive quantity ; or it 
may derive bcuelit from a dressing of marl, or of burnt 
lime, slaked, or fallen to powder by moist air. 

Hydrated silicic acid loses its solubility in water by 
ample drying, and it frequently happens that the drainage 
of a marshy field will cause the siliceous plants (reeds and 
horsetail) to disappear. The action exerted upon the 
soil by hydrate of lime, or by lime slaked or fallen to 
powder in the air, is twofold. On a soil rich in humus 
constituents the lime combines, in the first place, with 
the organic compounds present, which have an add 
reaction; it neutralises the acid of the soil, thereby 
caushig the speedy disappearance of muiiy weeds, such as 
bog-moss (Sphagnum) and reed-grasses, which flourish 
in a sour soil of this kind. Simple contact with acids 
powerfully promotes the oxidation of metals (copper, 
lead, iron), while contact with an alkali prevents it 
(iron coated with a dilute solution of carbonate of soda 
will not rust). Upon organic substances, the action is 
the very reverse : acids prevent^ and alkalis promote, 

G 
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oxidation or decay. Excess of lime causes the aforesaid 
destruction of the hiunose constituents. 
In the same degree as the add humus, by the action 

of liuiti, clisa])pears from the ground, the absorptive 
power of the latter for hydrated silicic acid is increased ; 
and the excess of this acid present loses its mobility in 
the soiL* 

The action of lime, as we see, is so complex, that horn 

its favourable influence upon one field, it is scarcely ever 
])ossiblc to form an opinion of its probable action upon 
another field, the condition of which is unknown. This 
is possible only when the causes of its favourable action 
in the first case are clearly understood. 

When lime has improved the condition of a field, simply 
by neutralisinfT the acid state of the s(^il, and (lestro3dng 
the injurious excess of vegetable remains, the farmer will 
in vain expect a favourable result from the application of 
lime in the following years, unless the same causes e^ould 
recur which had ^mUTy impaired die fertiUly of Hie 
field. 

In a soil wherein tluMC are putrescent and deaiying 
substances not a single plant will thrive, except mush- 
rooms ; and it seems that every chemiciil process going on 
in the neighbourhood of roots disturbs that of their own. 
Decaying substances in excess, by generating too much 
carbonic acid, injure even liiose plants which thrive par- 

• In an experiment made specially for the pmposo, it was 
found that a litre (about a quart) of forest soil, containing uO per 
cent, of liiiniose constituents, absorbed from a Boiiition of silicate 
of potash only 15 milligrammes of silicic acid. Cut the same soil 
mixed ivith 10 per cent, of waahed dtalk (carbonate of lime) ab~ 
■orbed 1140 miUigranunes; and when mixed with 10 per cent, 
of slaked lime instead of chalk, the absorptive power was increased 
to such a degree, tiiat a litre absorbed 8169 mUligrammes of silicic 
acid. 
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ticularly well in a humose soil containiiig a moderate 
quantily of humuB.* 

Upon deep-rooting plants, such as turnips, clover, san- 
foin, peas and beans, organic matters accuiiuiiating largely 
in the subsoil act veiy injuriously, especially ia day, 
where they decay much more slowly than in a lime soil 
The process of decay is communicated to the sickening 
roots, in which spores of fungi find a suitable sdl for theur 
developemcnt. When turnips are thus affected, they be- 
come the prey of certain insect.s, which deposit their eggs 
in the roots, causing in their developement a strange 
alteration and disturbance of the vegetative process; for 
in tbe diseased parts spongy tumours arise, the inner sub- 
stance of which becomes soft and emite a bad smell, and 
in this state serves to nourish the larva of the small fly. 

All these processes, however obscure in themselves, ai*e 
fput an end to by applying lime to such a field ; a proper 
lime dressing will always attain this object Fields that 
are particularly rich in organic remains require a much 
larprer supply of Ume than others, to effect their restora- 
tion to a iiealtliy state. 

It is certain, that in all such cases, the beneficial action 
of the lime is not attributable to an original deficiency of 
that body in the soil for plants growing on it ; for in that 
case, considering the rapidity with which it is diffused 

* Gasparini sowed a few grains of spelt in a pot with washed earth 
from Vesorius ; these prodnoed plants which continued to grow in a 
healthy slate. In another pot, filled with the same earth, he introduced 
a piece of bread ; in thiB, all the rooU in the immediate Yioinity of 

the mouldering bread died away, and the other roota seemed to 
have turned off towards the sides of the pot. It ia clear that spelt 
would not grow in a soil copiously mixed with bread ; and if the 

decnying roots left by a spelt crop liave tlie same effect, it i'^ TH»t 
difficult to conceive liow the decaying remains which a plant leaven in 
the ground, may injuriously affect its own growth, or that of other 
plaota. (Ruaaell.) 

Q 2 
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through the soil, the effect would manifest itself veiy soon, 
and even in the course of the first year. But it takes 

sevenil years before tlie favourable change in the condition 
of the soil IS eflected ; proving that the lime operate5«, not 
simply as food, but by producing an alteration in the soil, 
which requires time, that is, a succession of operations. 

On a drained marshy soil, in which lime has diminished 
the excess of hydrated silicic acid, a second apphcation 
will not produce the same result, because the olieusive 
substances, once removed, will not return ; while on a 
heavy, still clay or loam, the apphcation may be repeatedly 
successfuL These kinds of soil are thereby made more 
friable and richer in avaUable potash. The nature of the 
change produced is most clearly shown in the hydraulic 
lime obtained by calcining native cement-stones (a hard 
marl). These cement-stones consist of a mixture of lime 
and day, the former being in larger proportion than in« 
calcareous clay soil. After burning, if it is stirred up 
with a large quantity of water, the separated potash im- 
parts to the fluid all the properties of a weak lye. Clay 
which belbre calcination with lime refused to dissolve in 
adds, is, alter calcination, soluble in adds to the whole 
extent of the silidc add present 

A calcareous clay soil withdraws from a solution of 
silicate of potash much less potash after calcination than 
before, but a much larger cpiantity of silicic acid.* 

Besides the chemical agents mentioned here, which the 
farmer may employ to effect the proper distribution of the 
nutritive substances stored up in his field, and to make 

• At Bogenliausen, near Munich, loam vva^s calcined in the air, and 
brought iuto contact with a solution of silicate of potash : before 
calcination, a litre of this earth took up 1148 miUigrammes of potash, 
and 2007 milligrammes of aUicic acid ; after calcination, no potash, 
and 8280 miUignunmea of siUcic acid. 
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the eartbjr phosphates, the potash, and the silicic acid 
available to the roots of the plants, he further improyes 

his land by the mechanical operations of agiiculture, and 
by removing from the soil all obstacles that hinder the 
spreading of the roots, as well as those injurious agencies 
which interfere with thdr normal activity, or endanger 
their healthy condition. 

The effect produced by breaking up the ground by 

. plough, spade, hoe, harrow, and roller, depends upon the 
fact, that the roots of plants go in search of their food ; 
that the nutritive substances have no locomotion of their 
own, and cannot of themselves leave the place in which 
they are. The root, as if it had eyes to see, bends and 
{?tretchei5 in the direction of the nutriment ; so that the 

, number, tllickliL^s, and direction of its filamentij hidicate 
the precis spots where they have obtained food.* 

The young root forces its way, not hke a nail driTen 
with a certain force into a plank, but by the addition of 
successive layers, which increase its mass from within 
outwards. 

The new substance, which lengthens the extremity of 
the root, is in contact with the soiL The newer the cells 
forming at the extremities, the thinner are their walls ; 
as ihey grow older, the cell-walls thicken, and their outer 

surface, becoming more woody, is coated m many cases 

♦ Piece* of bone are often found completely enclosed by a network 
of turnip-roots. It is difficult to understand how this could httyo been 
accomplished otherwise than by an attraction between the ppongioleM nnd 
the substance of the bono. The cells, or their contents, are inc < ssnntly 
attracted by the frenh HurHice of a substaucei for which the contents 
have a chemical attraction. 

It is owing to this attraction that the roots wind round the piece of 
bone; they form a root-ball rolled, not from without, but from, within, 
by the new cells constantly formed upon contact with a substance for 
which thoy possess a chemical attiaeticn. (RnaaelL) 
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with a layer of corky substance, which, being impene- 
trable by water, affords, to the soluble matter deposited 

within, some protection against osmotic influence. 
( Absorption of nutriment from the soil is ellected by 
1 the extremities of the roots, whose fluid contents are 
separated from the earthy particles around them by an 
exceedingly thin membrane alone; and the contact of 
the two is the more intimate, as the root-fibre during its 
lurmatioii exertis upon the eai thy particles a pressm'e suf- 
ficiently powerful, imder certain circumstances, to push 
them aside. The evaporation of water from the leaves 
produces a vacuum within the plant, whereby a draught 
is created, which powerfully assists the contact of the 
moist earthy piuticles with the cell-walL The cell and 
the earth are pressed against each other. Between the 
fluid contents of the cells and the nutritive substances 
physically combined in the earthy particles, there mani- 
festly exists a strong chemical attraction, which^ with the 
cooperation of carbonic add and water, causes the trsns- 
ference of the iucumbuslible niuLters into the system of 
the plant. 

By the powerful chemical attraction of any body, we 
understand its entering into a chemical combination, in 
which it loses its original properties and acquires new 
ones. In the case of potash, lime, and phosphoric add, 

such a combination must take place innuediately upon 
their passage into the cell ; for, as already stated, the sap 
of the roots is always shghtly acid. In the sap of the 
root-shoots of the vine, we can always detect bitartrate of 
potash ; in that of others, oxalate or dtrate of potash, or 
liu trate of hme ; but we never find these bases combined 
in such saps with carbonic acid, nor can phosphate of 
lime or magnesia be detected. If the fresh sap of the 
potato-tuber is mixed with ammonia^ no predpitate of 
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phosphate of magnesia and ammonia is produeed; but 
this precipitate makes its appearance as soon as the 
fermentation of the sap has destroyed the (azotised) 

substance with which the phosphate of magnesia is com- 
bined. 

Careful mixture and distribution of the nutritive sub- 
stances present m the soil, aie the most important means 
of rendering them effective 

A })iece of bone, weighing half an ounce, placed in a 
cubic foot of earth, has no perceptible intluence upon its 
fertihty ; but ^vhen uniformly distributed and physically 
combined with the minutest particles of the same earth, 
it attains a maximum of efficacy. The influence of the 
mechanical operations of agriculture upon the fertihty of 
a soil, however imperfectly the earthy particles may be 
mixed by the process, is remarkable and often borders 
upon the marvellous. The spade, which breaks, turns, 
and mixes the soil, makes a Add much more fruitful than 
the plough, which breaks, turns, and displaces the earth, 
without mixing it. Tliu effect of both is increased by the 
harrow and the roller, so that, in the very same places 
where a crop has grown during the preceding year, a 
fresh crop will find nutriment ; in other words, the earth 
is not yet exhausted. 

The action of chemical agents in distributmg the food- 
elements of plants is still more powerful than that of the 
mechanical By {^plying, in proper quantities, nitrate of 
soda, salts of ammonia, and chloride of sodium, the 
&rmer not only enriches his field with materials capable 
of taking part in the nutrition of plants, but he also 
effects a distribution of the ammonia and potash, thereby 
replacing or aiding the mechanical work uf the plough, 
and the influence of the weather m the time of fallow. 

We are in the habit of calling ^ manures ' all those 
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materials which, when apphed to our fields, increase the 
crops ; but the same effect is produced by the plough. 
It is evident that the mere fact of a fevouiable influence 

cxtaLed by cliloride of sucliuiii, nitiate of soda, salts of 
aninioiiia, lime, and organic matter, affords no conclusive 
proof that these have acted as nutritive substances. The 
work performed by the plough may be compared to the 
mastication of food by ^ose special organs with which 
nature has endowed animals ; and nothing can be more 
certain than that the mechanical operations of agriculture 
do not add to the store of nutritive substances in a field, 
but that they act beneficially by preparing the existing 
nutriment for the support of a fiiture crop. With equal 
certainty we know that chloride of sodium, nitrate of 
soda, salts of ainniuiiia, humus, and lime, beside the 
action peculiar to their elements, perform also a kind of 
digestive function comparable to that of the stomach in 
animals, and in which they may partly replace each 
other. These substances, therefore, act beneficially upon 
those kinds of soil only in which there is a defect, not in 
the quantity, but in the form and condition of the nutri- 
tive elements ; and they may accordingly in their perma- 
nent action be replaced by a mechanical comminution, or 
exceedingly fine pulverisation of the soiL 

The true art of the practical farmer consists in rightly 
discriminating the means wliicli must be applied to make 
the nutritive elements in iiis Held efl'ective, and m dis- 
tinguishing these means from otliers which serve to keep 
up the durable fertih^ of the land. He must take the 
greatest care that the physical condition of his ground be 
yuch as to permit the smallest roots to reach those places 
where nutriment is f<jund. Tlie ground must not be so 
cohesive as to prevent the spreading of the roots. 

In a stifi', heavy soil, plants with fine, slender roots will 
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never tfariye well, even though the supply of nutritive 
sttbfltances be ample; and in these drcumstanoes, the 
beneficial influence of green manure and Iresh stable 

dung is uiimistakt able. The mechanical condition of the 
soil is, in fact, altered in a reinaikable way by the 
plougliing in of plants and their remains. A stiff soil 
loses thereby its cohesion, becoming more friable and 
crumbling, than it would be by the most diligent plough- 
ing. In a sandy soil, on the other hand, a certain cohesion 
is hereby })ro(luced. Every stem and leaf of the green- 
manure plants ploughed in, opens up, by its decay, a 
road by which the delicate roots of the cereals may 
ramify in all directions to seek their food. Here, too^ 
we must always remember, that the effect calculated to 
be produced is a questiou of degree. In many fields, the 
roots left in the soil of a fine crop of green forage plants 
will suffice to improve a succeeding cereal crop ; and a 
field from which a crop of lupines has been taken, may 
possibly give as fine a succeeding cereal crop as a 
field of equal extent in which the lupines have been 
ploughed in. 

All these observations tend to show the great import- 
ance of the mechanical conditions which impart fertility 
to a soil not originally deficient in the means of nourish 
ing plants; and that a comparatively poorer but weU- 
tilled sod, if its physical condition is more favourable for 
the activity and developement of the roots, may yield a 
better harvest than richer land. In like manner, it often 
happens that the cultivation of a bulbous plant renders 
the ground better suited for a following cereal, and that 
a winter crop succeeding a green forage plant, turns out 
all the better, tlie richer the previous green forage crop 
has been, or rather the roots left by it 

Clover and turnips act favourably upon a succeeding 
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winter crop, as their long hardy roots move the subsoil, 
which is inaccessible to the plough, and open it for the 
roots of wheat Here the fiivourable influence upon the 

phyt^ical condition of the soil I'ur outwciizhs, lor tht: \viio*it- 
plant, the injurious ellect of the decrease in the quantity 
of the chemical conditions resulting from the previous 
turnip and dover crops. Facts of this nature have but 
too often misled practical agriculturists to suimise that the 
physical condition is everything, and that a tihorough 
woiking and pulverisation of the soil Avill suffice to 
command a good ciop. These views, however, have 
always been refuted by time ; and all we can consider 
established is this, that for a series of yean the restoration 
of a proper physical condition in the soil is as important 
for the productiveness of many lields as manuring, and 
often more so. 

The iniiuence of a proper pliysical condition of the soil 
upon the produce can hardly be more convincingly proved 
than by the fitcts which agriculture has derived from the 
drainage of land, under which we comprise the removal 
of the subsoil water to a gi'eater depth, and the quicker 
withdrawal from the arable soil of the portion circuiatmg 
in it. A great many fields unsuited, by their constant 
humidity, for the cultivation of cereal plants and the 
superior kinds of forage grasses, have been reclaimed by 
drainage, and made lit to produce food for man and beast. 
When the fanner, by means of drainage, keeps within 
bounds the amount of water in his fields, he controls its 
injurious iniiuence at all seasons; and by the speedier 
removal of the water, which soaks the eartih and destroys 
its porosity, a path is opened for ihe air to reach the 
deeper layers of the ground, and to exercise upon tliese 
the same Ijeneficial infiueuce as upon the surface soil. 

In winter, the earth at a depth of 3 or 4 feet is wanner 
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than, the external atmosphere ; hence the air coming up 
from ihe drain-pipes may contribute to keep the tempera- 
ture of the arable surface higher than it would be wi^out 

this current of air. The air in the drains is generally 
richer in carbonic acid than is the case with atmospheric 
air. 

The efiect which drainage produces upon the fertility 
of land may in itself be deemed a proof that plants 

cannot dcnvc their food from the water luuviiig about in 
the soil. This view is strongly supported by tlie analysis 
of well, drain, and spring water. (See Appendix D.) 

The drainage-waters contain all the substances which 
the rain-water, percolating the surfiice soil, is capable of 
dissolving : they contain various salts in trifling propor- 
tions, and among these uicre traces of potash ; ammonia 
and phosphoric acid are generally absent. In analyses 
specially made for this purpose, Thomas Way found that 
in four (drainage) waters no appreciable quantity of potash 
could be detected in 10 poimds of water; three other 
WMters were found to contain troni 2 to 5 pounds of 
potash in 7,000,000 pounds of water. In three waters 
no appreciable quantities of phosphoric acid could be 
discovered : four other watm wore found to contain 6 to 
1 2 pounds of ph9sphoric acid, and 0*6 to 1*8 pounds of am- 
monia in 7,000,000 pounds of water. In a similar series 
of analyses, Krocker found that in six draniage-waters 
no appreciable traces of phosphoric acid or ammonia 
could be detected; while four other drainage-waters 
were found to contain not above 2 parts» and two others 
severally 4 and 6 parts of potash, in 1,000,000 parts 
of water. 

The facts now stated are con'oborated by a series of 
direct and most instructive experiments made by Dr. Fraas, 
to ascertain what substances the rain Ming in the six 
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summer months takes up from the surface soil and carries 
down into the deeper layers. 

In It/simeters^ or undei ground rain-gauges specially con- 
structed for the purpose, a collecticn was made of the 
rain-water, which trickled tli rough a layer of earth, 
6 inches deep by 1 square foot in tmnsverse section, from 
the 6th April to the 7th October. The rain-gauge kept 
at a ndghbouring observatory indicated, up to the Ist 
October, a fall of rain amounting to 480*7 millimetres 
(18-75 inches).^ 

Pour lysimeters were filled with the same earth taken 
from the subsoil of the stiH day at Bogenhausen; in two 
of them (in. and IV.) the earth was manured with 
2 pounds of cow's dung; the other two were lefit un- 
imuiured. Nos. II. and IV. were }?uwn with barley. 

Calculated upon u ^(|U^lre metre (lUTa square feet) of 
ground, the following were found to be the quantities of 
water that had passed through. Dr. Zoeller determined 
the amount of soluble substances contained in the water; 
the quantities of phosphoric acid and anunouia were too 
small to be appreciable : — 





ttJfllllMtW 


^ I. 
unmanored : 
and witttout 

VPget4ition 


U. 

tuunaonred : 
sown with 
barley 


III. 
manured : 
wi^oiit 

vrgftalion 


■ Tv; > 

manured : 
sown with 

liiirU-y 


Qnaotitj of perco- 
Isted miter 

Quantity of potaA 
oontamcd . 

Or. par h«etan, of 


UtzM Pints 
218-863*68 

Qrams. Qnin* 
0-616 -8-0 

Kilogr. lbs. arr. 
6-16-1X-3A 


Utre* PinU 
818 » 874*88 

OniBt. Onin* 
0*484 -6-7 

Kllogr. lbi.«vr. 
4'84-9« 


Utm Pints 
804-636 

Ofwna. 0 rains 
1'866-1»*6 

Kilogr. lbs. BVT. 
18*66 -27*8 


Pints 
144-868*6 

Qnuns. Qraim 
0-662 -8*6 

Kilogr. lbs.aTr. 
6*68-121 



* The lyumeter conaisted of a equare box, open at the top, cloaed 
at the bottom ; at a depth of six inches from the open top a mere was 
inserted, from whieb, up to the nm, the box was filled with earth. 
The tain ialluig upon a aquare ftiot of amfiicei and IricUuig through 
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In lysimeters L and II. nearly the same quantities of 
water percolated through the earth ; in the two others 
the difference is great ; the two former alone, therefore, 

aduiit of comparisoii as regards the solvent power of the 
water. 

These experiments show that less than one-half of the 
rain failing on the field under the given conditions, reached 
a depth of 6 inches and that, calculating for 1 million 

parts of water, the unmanured soils I. and 11. gave rc- 
speijiively 2'37 and 2*03 pounds, the manured soils TIL 
and lY. 5*46 and 3*82 pounds of potash. The quantities 
of potash in the manured soils do not exceed the average 
quantity of potash found in drainage-water (Erocker). 

The barley grown in the earth of lysimeter II. produced, 
per square metre, 137*3 gram mu.s (2120 grains) of hui ley- 
corns, and 147'9 grammes (2272 grains) of straw, con- 
taining in their ashes (the corns in 2*47 per cent, the 
straw in 4*95 per cent of ash) : — 

In the cnm;; * 0*823 grammes 12*6 grains of potash 

„ straw . . 1*410 21*8 „ „ 

Total . 2*2SS „ 84*4 „ „ 

The quantity of potash absorbed by the water from 

the earth in the first lysimeter, which was not sown 
with barley, amounted altogether to OolG gramme 
(8'0 grain) ; in the second lysimeter to 0*434 gramme 
(6-7 grains). The difierenoe is 0082 gramme (1*3 grains). 
If we think ourselves warranted in concluding from this, 

the six inches of earth, Wiw collected l)cn«ifh the sieve, in the box. 
The box was buried in an open field, up to the border, so that the 
earth in it waa lerel with the sur&ce of the field. Two lysimeters were 
filled with lime aoiU from the banks of ibe Isar ; but one of them 
broke, and the water could not be collected : hence the leeolts obtained 
from the other loet their importanoe a« a comparative experiment 
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that the diminutbn in the quanta^ of potash in the 
water of the second lysimeter resulted from its absorption 

by the roots of the barley, we should be necessarily led to 
infer that the plants received — 

By the agency of the perooktrng water 0*082 grammeB 1*3 grs. 
Direct from the soil . . 2-151 „ 88'2 „ 

Total . . 2'ai33 „ 34*5 „ 

and, accordinfirly, 9G-4 per cent, direct Irt^in the soil, and 
3*6 per cent, horn the water ; that is, 27 times more from 
the former than from the latter. 

Let lis now assume, from the results obtained with the . 
third lyshneter, which was filled with earth richly 
liKiiiured with cow dung, that the rain-water falling on a 
surlace of one hectare (2^ acres) of land, dissolves, out of 
a layer of ai able surface soil 6 inches deep, 12*65 kilo- 
grammes (27*8 lbs.) of potash ; and let us compare with 
this the quantity of potash withdrawn from a hectare of 
ground by a potato or turnip crop. We know that au 
average potiito crop from a hectare contains in the 
tubers 204 kilogrammes (449 lbs.) of ash, of which 100 
kilogrammes (220 lbs.) are potash; and an average 
turnip crop, 572 kilogrammes (1258 lbs.) of ash, of 
which 248 kilc^rammes (545 lbs.) are potash ; and we 
easily perceive that, even had the entire amount of the 
potash dissolved by the rain been conveyed into the 
plants to serve as food, yet this would be sufficient to 
supply, with the necessary potash, only the eighth part of 
the potato tubers and the twentieth part of the turnips 
severally produced on a hectare of land. The amount of 
potash in the percolated water shows the quantity of 
potash which the water could possibly absorb ; and as 
comparatively but a small portion of the percolatmg 
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water comes in contact with the roots of the plants, and 
can give up potash to them, it is dear that the constituents 
of the sohition moving about in the soil have but a very 

trifling share in the process of nutrition, while the absence 
from it of ammonia and phosphoric acid is of itself sulli- 
cient to prove that these materials in the soil cannot 
change their place. The ground must contain a certain 
amount of moisture to be able to furnish food to plants ; 
but it is not neoessaiy for their growth that the water 
should be free to move about. It is well known that 
stagnant water in the soil is injurious to \nu:yt of the cul- 
tivated plants ; and the favourable efiect upon their 
growth produced by draining just depends on this, that 
an outlet is opened to the water moving by the force 
of its own gravity, and the earth is moistened by that 
waU'i only which is retained by capillary attraction. 

If we I'egard the porous eaith as a system of capillary 
tubes, the condition which must render them best suited 
for the growth of plants is unquestionably this, that the 
narrow capillary spaces should be filled with water, the 
wide spaces with air, and that all of them should be 
accessible to the atmosphere. In a moist soil of the kind, 
afibrding free access to atmospheric air, the absorbent 
root fibres are in most intimate contact with the earthy 
particles ; the outer surface of the root-fibres may here 
be supposed to form the one, the porous earthy particles 
the other wall of a csipillary vea^'cl, the connection between 
til em being effected by an exceedingly thin layer of water. 
This condition is equally favourable for the absorption of 
fixed and of gaseous elements of food. K, on a dry day, 
a wheat or barley-plant is cautiously pulled up from a 
loose soil, a « yliiider of earthy particles is seen to adhere 
like a sheath round every root-libre. It is from these earthy 
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particles that the plant derives the phosphoric add, 
potash, siUcic add, &&, as well as the ammonia. These 
substances are introduced into the plant by means of the 

thin layer of water, the molecules of wliich are in motion 
only ill so far m the roots exercise an attractive power 
upon them. 

From the composition of spring-water, and the water 
of brooks and rivers, every single drop of which has been 
in contact with rocks, or with the soil of forests and fields, 

we see Avhat exceedingly minute quajiiiLiL'5 of pliosphoric 
acid, anunonia, and potasii are taken up by water from 
the earth. In the analysis of water taken from six 
different springs, Graham, Miller, and Hofmann found 
no appreciable traces of ammonia and phosphoric add. 
In the water of Whitley, there was, in 37,000 gallons 
(370,000 pounds English), 1 ponnd of potasli, or 1 kiio- 
gramme in 135 cubic metres: just the same in 38,000 
gallons from the Oritchmere spring; in 82,000 gallons 
from Velwool; in 145,000 gallons from Hindhead; in 
55,000 gallons from the Hasford Millbrook ; and in 
17,700 gallons from ilic spring near Cosford Ilouse. The 
water of the Brunthal spring, near Munich, which is used 
for drinking in a large portion of the city, contains no 
ammonia, no phosphoric add, and in 87,000 pounds, 
1 pound of potash. 

From these and other analyses of spring, well, and 
drainage water, we are not warranted in concluding that 
potash, aunnoma, and phosphoric add are de^dent in the 
water of all springs, brooks, and rivers ; on the contrary, 
it is quite certain that the water in many marshes contains 
both potash and plio^^^phoric acid in notable quantities.* 

* Thus a litre (1'76 pints) of water taken from an artificial pond in 
the Botanic Garden at Munich, left a residae of 0*425 gramme 
(6*5 grains), which contained, in 100 ports — > 
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The presence of potasli, phosphoric acid, iron, and 

sulphuric acid, iu the water of staguaut poolii, is easily 
explained. 

In a stagnant pool or bog are gmdually collected the 
remains of dead generations of plants, the roots of which 
have damn a quantity of mineral matter from a certain 

depth of the soil. These vegetable remains undergo 
deconif)o,sition at the bottom of the pools, and their 
inorganic elements, or ash-constituents, are dissolved by 
the aid of carbonic acid, and perhaps also of organic 
adds. They remain dissolved iu the water, when the 
surrounding mud and the earth in contact with this 
bolutiuu have been completely saturated with them. 

Scherer found in the three wells at Briickenau all the 
substances contained in the water above-mentioned, of 
the Botanic Garden pond, besides acetic, formic, butyric 
and propionic adds. The mountains all around Briickenau 
are formed of variegated sandstone (Bunter sandstein) ; 
the vegetation of the whole surrounding country is most 
luxuriant, resembling the jjrmieval forests ; there are 
numerous oak-lands and beech-lands, with trees nearly 
a thousand years old. Hence Scherer is led to attribute 
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the compo^tioti of the well-water at Briickenati to the 

solvent action of ruin percolating throiigli a liuinose soil, 
rich ill decaying vegeUible substances. (' AnnaL dcr Cheni. 
und riiarm.' i. c. 285.) 

It is dear that wherever conditions have been at work 
similar to those under which the bog-water in the Botanic 
Garden of Munich and the Avells of Briickenau have been 
formed, the water found on tlie surface of the earth, in 
pools, sphngs, or brooks, will contain in the most varying 
proportions nutritive elements useful to plants, such as 
phosphoric add and potash, which are not found in other 
waters. In like manner, an arable soil rich in vi actable 
remains, in which, from the processes of (hx*ay incessantly 
going on, products of an acid character are generated, 
will be able to give up, to the rain-water percolating 
through it, phosphoric add and alkalies, whidi are thus 
carried down to the deeper layei*s, and appear in the 
draina<£e water. The (|u.iiiLity of these substances dis- 
solved in the water wull depend upon the condition of the 
soil on which the plants grow, the ash constituents of which 
are carried away by the rain-water, from their decaying 
remains. Where the ground is rocky, covered with a 
thin coating of earth and a thick clothing of foliage, the 
water which runs off will carry down to the lower layers 
all the more ^xed elements of vegetable food, in propor- 
tion as the layer of earth itself retahis less of them. The 
finer earthy particles of such a soil, washed away by 
heavy rains, are carried down by torrents to the valleys 
and low lands, and form a soil of all degrees of fertility 
according to their chemical condition, wJiich determines 
their power of absorbing dissolved nutritive substances. 
But these layers of earth formed from the mud borne 
down by the torrents will always either be saturated, or 
gi-adually become saturated witJi the nutritive substances 
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contained in the water, from whicli they are deposited. 
This, perhaps, explains the difference in the fertilising 
effects of the waters used for irrigatmg meadows, which 
must necessarily vary veiy much according to the source 
of the water ; that which has collected on hills covered 
with a rich vegetation, or has been derivcKl from over- 
flowing stagnant pools, will doubtless convey manuring 
matters to the meadow-lands ; whilst water flowing from 
bare mountains cannot^ in this particular respect^ exert 
any action upon the increase of the grass crop. If sudi 
increase takes place notwitlibtanding, the cause must be 
sought elsewhere. 

In many places bog-soil, and the mud from ditches, 
stagnant waters and ponds, are highly esteemed as 
fertilising agents ; and their influence is explmned by the 
fact, that their smallest ]iarticles arc saturated with 
manuring matters, or elemeuts of the food of plants. 
The same remark applies to the fertiUty of many tracts 
of cleared wood-land, where the soil for forty or eighty 
years, or even longer, has received from the layer of 
foliage and vegetable remains decaying on it, a certain 
supply of ash-constituents, drawn from a great depth, 
which are retained by the upper layers of the porous soil, 
and serve to enrich it 

The injury done to wood-lands by raking away the 
leaves cannot be explained merely upon the assumption 
that the soil is deprived of its ash constituents, which are 
taken away with the foliage ; for, in themselves, the fallen 
leaves and twigs are poor in nutritive substances, especially 
potash and phosphoric add ; and besides, these elements 
do not reach the deeper layers of the soil, where they 
might be again absorbed by the roots. The injury is, 
|Kjrhaps, rather attributable to the fact, that the remains of 
leaves and plants constitute a lasting source of carbonic 

H 9 



Digitized by Google 



100 



THE SOIL 



acid, which, carried by rain to tlie deeper layers, must 
powerfully contribute to disiutegrate and decompose the 
earthy particles. In a dense wood, where the air is more 
rarely renewed than in the open plain, this supply of 
curboilic acid is imporlaut ; moreover, the thick carpet of 
leaves protects tlio ground fix)m being dried l)y the air, 
and maintains it in a permanent state of moisture, par- 
ticularly useful to foliaceous trees, which exhale from 
their leaves larger quantities of water than the coniferous 
plants. 

To understand the operations of agriculture, it is indis- 
pensably necessary that the farmer should have the 
clearest knowledge of the manner in which plants derive 
their nutriment from the soiL 

The opinion that the roots of plants extract their food 
mijiiediutely from those portions of the soil which are in 
direct contiict with their absorbent surfaces, does not 
imply tiiat potash, lime, or phosphate of lime, in the solid, 
undissolved state can penetrate the membrane of the 
cells ; * nor does it imply that the nutritive substances 

* If A glaat TeMd is filled to the brim wiUi water, in which are a 
fyw drope of hydrochloric acid, and covered cIoBely with a piece of 
bladder, so diat the water moiatena the bladder and no air is left 
between them, and the outude of the bladder ia careftilly dried, it 
may then be seen how a solid body, witliout the cooperation of a fluid 
from the outHide, can make its wuy tlirough the bladder to the water in 
ihe glass. For if a little clialk or finely-pulverised plioqihate of lime 
is strewed upon the dried outer surface of the l>ladder, the powder will 
disappear in the course of a few hoiu-s, and the usual reaotiona will 
show the presence of lime and phosphate of lime iti the iiiiid. 

Of course tlie passfige of tin- carbonate aind phospliate of liine in the 
»o]u\ state through the blad<i( r into the wat^r, is only apparent. Both 
stilts are dissolved in the [)ores of the nienibraue where they come in 
contact with the acidulated water, and as the evaporation of the water 
from the bhidder somewhat diminishes the inner pressure as compared 
to the outer, the stronger outer pressure, asMsted by the solvent power 
of the water, forces the solution inward. 
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held in solution by the water moving about in the soil 
may not, under certain circumstances, be absorbed by the 
roots of the plants. But it is based upon the assumed 
fact, that the roots receive their food from the thin layer 

of water which, rt tained by capillary attraction, is in 
intimate contact with the earth and with the root siir£Eice, 
and not from more remote layers of water ; that between 
the root surface, the layer of water, and the earthy par- 
ticles, a reciprocal action goes on, which does not take 
place between the water and the earthy particles alone. 
It also a.s-7Lirnes as probable, that the nutritive substances 
adhering, in a state of exceedingly minute division, to the 
outer surface of the earthy particles, are in direct contact 
with the fluid of the porous absorbent cell-walls, by means 
of a very thin layer of water ; and that the solution of 
the solid elements is effectx^d in the pores of the cell- 
wiills, whence they pass immediately into the system of 
the plant 

The facts in support of this view, briefly recapitulated, 
are as follow : The roots of all land-plants, and of most 

marsh- plants, arc in direct conLact with the earthy 
particles. These particles of earth have the power of 
attracting the most important elements of food conveyed 
to them in watery solution (such as potash, phosphoric 
add, silicic acid, ammonia), and of retaining them, just as 
charcoal retains eoluuiing matters. In most cases that 
have been investiirated it has been fonnd that the water 
moving about in the ground extracts from the soil 
scarcely any appreciable quantities of ammonia, no phos- 
phoric add, and potash in such trifling quandties, that all 
these together are quite insufficient to afford the requisite 
supply of these elements to the plants growing in tlie 
field. 

Water stagnant in the ground, so far from promoting 
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the absorption of food, injures the growth of land- 
plants. 

If plants really did receive the elements of their food 
from a solution which could change its place in the soil, 

then all tiiaiuage waters, spring, ])ix)uk, and river waters, 
must contiiiii the principal nutritive substances of all 
plants ; and it must be quite practicable, by continued 
lixiviation, to extract from every arable soil, without dis^ 
tmction, all the nutritive substances, either entirely, or 
at least in amount correspoiidiug to tlie quantity con- 
tained in a crop. But, in reality, this not practicable. 
J3y tlie action of water, the field loses none of the prin- 
cipal conditions of its fertility, in such a degree as per- 
ceptibly to impair the growth of plants cultivated on it 

For thousands of years, all fields have been exposed to 
the lixiviatine action of rain-water, without losing thcii* 
powers of lertility. In all parts of the earth, where man 
for the first time draws Airrows with the plough, he ^ds 
the arable crust, or top layer of the field, richer and more 
fertile than the subsoil The fertility of the ground is 
not diminished by plants growing thereon ; nut until tlie 
plants ai-e lenioved from the ground does it gradually 
lose its fruittuiuess. 

The opinion that some cause is at work within the 
plant itself, which seems to render soluble certain ele- 
ments of food, and make them available for nutrition, is 
not contradicted by the experiments of Kno]), Sachs, and 
Stoiimann, who have shown that many laud-piauts, with- 
out touching a particle of earth, may be brought to 
flowering and seed-bearing in water, to which the mineral 
elements of food have been added. These experiments, 
wlneh have thrown considerable light upon the physiolo- 
gical importance oi" the several nutritive substances (see 
Appendix E.), merely prove how admirably the gromid is 
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adapted to the Fequirements of plantSy and how much 
human ingenuily, knowledge, and minute care, it takes to 

supply, under circumBtances differing so widely fix)m the 
natural condition, cerUiin properties of arable soil, which 
insure the healthy growth of plaute. 

If the supply of nutritive substances in a state of solu- 
tion were really suited to the nature of the plant and 
the functions of the roots, it would follow that in such a 
solution, most abundantly provided with all the elements 
of food in the most movable form, plants must thrive 
the more luxuriantly the fewer the obstacles are which 
oppose their absorption of food. 

A } >img rye-plant, placed in a fertile soil, will often 
send forth a bunch of thirty or forty stalks, each of them 
bciuing an ear, and will ^neld a thonsandfold crop of 
grains, or even more ; yet this plant draws its mineral food 
from a volmne of earth, from which the most persevering 
lixiviation with pure water, or water containing carbonic 
add, will not extract even the one-hundredth part of the 
phosphoric acid and nitrogen, nor the fiftieth part of 
the potash and the silicic acid, which the plant has drawn 
from the soil How is it then possible, under such cir- 
cumstances, to assume that water alone would have suf- 
ficed, by virtue of its solvent power, to render available 
to the plant all the substances found in it? 

None of the plantf* grown in watery solutions of the 
mineral elements of their food, even though thriving 
luxuriantly, will bear the remotest comparison, in the bulk 
of vegetable matter produced, with plants grown in a 
fertile soil ; and the entire process of developement in them 
j>rovt»s that the conditions of ihiiving growth in the soil 
arc quite of another kind. 

The greatest weight of crop obtained by Stohmann 
from an Indian com plant grown in water amounted to 
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84 grammes ; while he obtained from another Indian com 

plaut Lnown in the soil, at the same time and from the 
same seed, a crop weiL^liiiig -U6 graniines. In Kiiups 
experiments, the dry weight of two Indian com plaiit.^, 
the one grown in water, the other in the aoil, was found 
to be as 1 : 7. 

The water circulating in the soil contains chloride of 
sodium, lime, and magnesia — the two latter in conil)iiia- 
tion partly with carbonic acid, {mrlly with mineral acids; 
and there can hardly be a doubt but that the plant 
absorbs a portion of these substances from the solution. 
The same must apply equally to potash, ammonia, and 
the dissolved phosphates ; but the water circulating in the 
suil. 111 a normal condition, either does not hold the three 
last-named substances in solution, or not in sufficient 
quantities to supply the demands of the plant 

According to the ordinary mles of natural science, 
when we seek to explain a phenomenon, we leave out of 
view those cases in wliich tlie conditions superinducing 
tlic phenomenon are clear and patent. For instance, if 
we find in bog-water idl the ash-constituents of duck- 
weed, there can be no doubt about the form in which 
they passed into the plant ; they were dissolved in water, 
and tliey \verc absorbed in a soluble state. In such a 
case, we have merely to explain the reason why the 
several ash-constituents, being all present in one and the 
same form, have yet passed into the plant in unequal 
proportions. 

If, in another case, we find that the rain-water which 
falls on a given area of land, dissolves out of the soil many 
times more potasli than was contained in a crop of turnips 
grown on that area, there is every reason to assume that the 
turnip, like the duckweed, has absorbed the needful potash 
from a solution. But if in the entire quantity of water 
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which falls on the field duiing the period of vegetation, we 
find only just so much potash as the turnip crop requires, 

and no more, the assumption that tlie pot-}is]i in the tunnps 
has been derived Ironi this solution would necessarily 
involve the impossible supposition, that all the watery 
partides containing potash must have been in contact 
with the roots of the turnips ; otherwise, the latter could 
not have absorbed so much potasli as is actually found in 
them. This supposition is impossible ; because, during 
the time when the turnip vegetates, there is generally no 
water circulating in the soil — such, for instance, as might 
be carried ofi* by drain-pipes. 

If the examination of the water in the soil shows it to 
coiuain half the quantity of potash required by a turnip 
crop, there is no need to explain how the dissolved half 
of the potash has passed into the turnip-plant, but in 
what form and manner the plant has absorbed the other 
half deficient in the water. 

If, again, by the examination of the water in otlicr 
fields, we hnd that it contains only ^ ; nay, only ^, 20^^^ 
3^ of the quantity of potash found in a turnip crop grown 
upon it ; and if we further ascertain that in a soil, fiivour- 
able for the growth of turnips, the plant always takes up 
tlie same quantity of potash from the ground, no matter 
how much or how little of that subst^ance the water cir- 
culating in the soil dissolves from the earth ; it follows, 
that as the water, the soil, and the plant, can alone come 
into consideration here, the direct power of the water to 
dissolve potash is of no importance to the plant ; and 
that the plant itself, by the lielp of water, must have ren- 
dered the needful potash soluble. 

Wliat is here asserted of one constituent, holds good 
for all. If, therefore, we find, that by treating a soil with 
rain-water we can dissolve from it potash, phosphorig 
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acid, and ammonia or nitric acid, in sufficient quantity to 
account for the presence of these suhstances in the 
cereal plants grown on such a soil ; while, on the other 

liaiid, find that the plant contiiins a hundred times 
more silicic acid than the water could possibly have sup- 
phe l : the cause of the absorption of silicic acid, which 
dearly is not in the water, must again here be sought for 
in the plant itself. Again, if other cases show that an 
equally abundant crop of com is obtained on fields, from 
■which water fails to extract phosplioric acid or ammonia, 
liere, too, we ai*e led to the conclusion that the nutritive 
substances dissolved in the water are of no special import- 
ance to the plants in question ; but that, as an indispen- 
sable requisite, these elements must possess the form most 
suiUible fur the action of the root, be this what it may. 

The beautiful experiments on vegetation made con- 
jointly by Professor Niigeh and Dr. Zoeller,in the Botanic 
Garden at Munich, most strikingly prove the correctness 
of the conclusions to which the analysis of drainage and 
other watei-s has led. Instead of growing plants in 
solutions of the mineral elements of their food, as liad 
been done in all pre\ious experiments, they pm sued the 
very opposite course ; they placed the seeds of the plants 
in a soil containing all the elements of their food in an 
insoluble state. 

In such experiments, it is not easy to lind a uiate- 
rial which can be used as a substitute for arable soil, 
and possessing all its properties ; and the difficulty is 
proved by the fact, that none of the plants grown by 
Boussingault and others, in an artificial soil, abundantly 
provided with all the elements of food, could even 
remotely bear comparison with a ])lant L^t own in a fertile 
arable soil, Pulverised charcoal or pumice-stone have 
the power of extracting many elements of the food of 
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plants from their solutioiis, and physically ^xing thorn ; 
but they have not, in the moist state, that soft, plastic, 
and yidding condition of the day in arable soO, which 

permits the intimate contact of the roots with the earthy 
particles. The best substitute for the purpose is coarsely- 
powdered turf, which, in the moist state, forms a plastic 
mass, bearing a remote resemblance to clay, and, like 
arable soil, absorbs all elements of the food of plants from 
their solutions. Accordingly, Niigeli and ZoeUer used in 
their experiments coarsely-powdered lui t as tlic vehicle 
of the nutritive substances, after having ascei tained its 
absorptive power for the several elements of food. 

A litre (1*76 pint) of tur£^ weighing 324 grammes 
(4987*6 grs.}, was found to absorb from solutions of 
carbonate of potash, carbonate of ammonia, carbonate of 
soda, and piiu?^[)liiite of lime — 1*45 gnnmncs (22*4 grs.) 
of potash, 1*227 grammes (19 grs.) of ammuuia, 0 205 
gramme (8*2 grs.) of soda, and 0-800 gramme (13*7 grs.) 
of phosphate of lime equal to 0*410 gramme (6*3 gra.) 
of phosphoric acid. 

The quiuitities of potash and ammonia here iriven do 
not show the total amounts of these substances which the 
turt will absorb to the point of complete saturation, but 
merely what it will take up when simply mixed with the 
solutions, and left in contact with them for a few hours. 
If we add more of these solutions to the turf-powder, the 
fluid exhibits an alkaline reaction, wliieh disapijears again 
after one or more days ; and it is only at tlie end of 
eight days, when the litre (1*76 pint) of turf has taken 
up 7*892 grammes (121*6 gis.) of potash and 4*169 
grammes (64*2 grs.) of ammonia, that the alkaline re- 
action remains permanent. What we shall hereafter 
designate as saturated turf eontains only t of the potash 
and ^ of the ammonia, which v/ould be absorbed by that 
substance to the point of complete saturation. 
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To represent difierent soik, containing various propor- 
tions of nutritive substances, three mixtures were made 
of saturated and ordinary turf-powder : — 

1 mixture contained 1 vol. of saturated turf-powder, 

2 „ I „ M and 1 vol. of dry turf-powdor, 
8 t» 1 11 »» 8 „ 

These mixtures represented diflerent kinds of earth, in 
each volume of which the third contained one-fourth, the 
second one-half the quantity of the nutritive substances 
present in the first. 

The pure turf contained 2*5 per cent, of nitrogen, and 
100 grammes yielded 4*4 giununes of ash, which, upon 
analysis, were found to contain 0115 gramme of potash, 
0*0576 gramme of phosphoric acid, besides lime, sesqul- 
oxide of iron, silicic acid, tniignesia, sulphuric acid, and 
soda. (See more fully in Appendix E.) 

Witli eacli of these mixtures a pot was filled, each put 
holding 8^ litres (2592 grammes, = 39917 gi*s.) ; a 
fourth pot, of similar size^ contained dry turf-powder. 

Taking into consideration the amount of ash in 
ordinaiy turf, the four pots severally contained the 
followincr qnantiticij uf nutritive substances: — 



l(itrofi<en . 
Potash . 
Phosphoric 
acid . 


torf 


<iaartwr flatmatwi 
luff 


InU aatimtsi 
toxf 


4th Pot 
folly mturAtotl 
ttirf 


GratM. Gnins 
71- « 1093*6 
8*18 - 49 0 

1 686= 24-4 


Grains. Cniiiis 
2-60 =400 
3075 -47-4 

0-83 =12-8 


firiitiis. Gniiiw 
4 32 - 66 5 
6*16 -94-7 

l-75 = 27-0 


Gnuna. Qtalai 
S-ed- 133-2 
12*30 » 189 5 

8-49 -> 63 8 



The figures showing the quantities of nitrogen, pota^, 
and phosphoric acid, express the amount of nitrogen in 
the dry turf (in the first pot), and the amount of potash 
and phosphoric add in its ash. For the other pots, the 

figures express the quantity of nutritive substances which 
had been added. 
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In each of tliese pois^ five dwarf-beans were planted, 
the weiglit of wliicli had been carefully determined, and 
which had been allowed to germinate in pure water* 

The plants in the three msRiured pots grew very evenly^ 
and the luxuriance of their growth excited the astonish- 
ment of all who saw them. 

During tlie first month, the plants in pots 2 and 3 
(iilied respectively with turf \ and ^ saturated) presented 
a finer appearance than the others ; but those in pot 4 
(filled with saturated turf) soon overtook them ; and the 
difference in the size of the leaves, in proportion to the 
greater richness of the soil, was very striking. 

Remarkable, too, was the intiuence of the soil upon 
the term of the vegetating period. Each of the five 
plants in the pure turf produced a small pod, snd, to- 
gether, the five pods contained 14 seeds. During the 
ripening of the seeds, the leaves died from below 
upwards ; so that, before the pods had turned yellow, all 
the leaves had ialleu oC The plants in the saturated 
turf remained green longer than any of the others, and 
their seeds ripened latest The last pod of these plants 
was cropped on July 29, whilst the last pod of the plants 
in the pure turf had already been cropped on July 16. 

The following table shows the crops yielded by all four 
pots, with the number and weight of the seeds : — 





Irt Pot 
par« 
turf 






Uh Pot 

turf faUy 


Number gathered . 
town 


ff 


5 


0 


6 


Sown « • • 


Gramme* 
7-9 


Orsmmes 
66-7 

S-8S 


OnnunM 

nrnriinif^ 

74-3 
4-087 


Grammes 
106- 
4-056 


1 Excess of crop OTi>r 
1 Mcd ... 


S-9 


62-82 


70-218 


100-946 
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What strikes us here at once is the great diflTerence in 
the number and weight of the seeds respectively gathered 
from the several pots. The soil richer in nutritive sub- 
stances yielded not only more, but larger and heavier 
seeds, the average weight in milligrammes being respedr 
ively : — 



Onp spf il-l><';in wpirrhfd 

One of the gathered U- aus weighed 


Irt Pot 


2nd Pot 


8rd Pot 


4thPofc 


milllgr. 
793 
66i 


DiilligT. 
776 

718 


M7 
917 


mfUlgr. 
813 
1019 



Of the seeds of the plants grown in the first pot (pure ' 
turf), seven weighed no more than £ve of the beans 
originally sown ; whereas those of the plants grown in 
the saturated turf weighed each l-5th more than one of 

the seed-beans. 

If we compare the crop of seeds with the quantity of 
nutritive substances contained in the turf of the four pots, 
we see at once what influence the form and distribution 
of the nutritive substances have exercised upon their 
nutritive power. 

The l-4Ui saturated turf contained a little above one- 
half (0-83 grauinie) more phosphoric acid than that in 
the pure turf (1*586 grammes) ; the potash was doubled ; 
and the amount of nitrogen was increased only by ^^yth. 
The crop, however, exceeded that obtained from the 
}>laiils grown in pui\j Luil, not by ird (corresponding to 
tlie quantity of phosphoric acid added), but it was thirteen 
times as large. The feeble manuring had caused the turf 
in the second pot to render thirteen times more nutritive 
matter for the formation of seed alone, and for the entire 
plants about thirty times more than the jmre turf. 

It is evident that only a small proportion of the ash- 
constituents in the pure turf were present in a form suit- 
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able for the mitrition of the beau-plant They could not 

be absorbed, bcciiuse they were in chemical couibiiiaiion 
in die snbstance of the turf. To use a somewhat imper- 
fect figure, the nutritive elements in the pure turf may be 
imagined to be surrounded by the turfy substance, which 
hinders their contact with the roots ; while in the satu- 
rated turf these elements form the outer coating of the 
turfy substance. 

The crops of seeds show further that they were not in 
proportion to the nutritive substances contained in the 
soil, but that the poorer mixture yielded far more seeds 
than it should have done in proportion to the production 
of the richer mixtures. The proportions iu the several 
mixtures were as follows : — 





2nd Pot 


SidPoi 


4th Pot 




quarter 


half aMmaitad 






satHnted 




Amonnt of mannra 


1 


2 


4 


Clop gntberad, aa . . . 


2 


2*6 


4 



It is not difficult to understand why this should be so. 
The fiict that the ^-saturated turf yielded twice as much 
crop as corresponded to the amoimt of manure, proves 
that the absorbent root-surface had come in contact with 
double the number of nutritive turf particles. According 
to weight, the ^-saturated turf contained, in every cubic 
centimetre, only ^th of the nutritive substances found in 
the completely saturated turf ; but, by mixing 1 volume 
of saturatLd widi Ij volumes of uii^uLurated turf, tlie 
former hud become far more (li^-tributed, and its volume 
or eihcient surface had been made larger. Supposing it 
were possible to coat 3 volumes of orcUnary turf-powder 
with 1 volume of saturated, so as completely to surround 
every fragment of the former with saturated turf particles, 
the bean-plants would, in a soil so prepared, grow as 
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luxuiiantiy as if every pardde of the turf were thorouglily 

saturated with nutriti\'e substances. 

Hence, the higlier })roduce obtained from the compara- 
tivelj poorer soil proves that it is only the surfiace of the 
soil, containing the nutritiTe elements, which is effectiye ; 
that the fertility of a soil is not proportionate to the 
quantity of nutritive substances which chemical analysis 
proves to be present ; and lastly, these facts show that it 
is not water which, by virtue of its solvent power, has 
made the nutritive elements available to the roots. 

We know by experiment^ that when water has dissolved 
firom a saturated soil a certain quantity of ammonia, pot- 
ash, &c., the same amount of water will not further 
dissolve from a half-saturated soil (or a soil from which 
one-half of the absorbed potash and ammonia has already 
been extracted) half so much as from the saturated soil ; 
but that the earth, in proportion as it has thus become 
poorer in nutritive substances, will all the more firmly 
retain the residue of the inprredients absorbed by it. 

In the half-saturated turf the nutritive elementvs arc 
much more firmly bound than in the fully saturated ; 
and, again, in the quarter-saturated much more firmly 
than in the half-satiurated. 

Hence, even if the water had been able to dissolve and 
convey to the roots half as much from the half-saiui ated 
as firom the fully saturated, and half as much fiom the 
quarter-saturated as from the half-saturatedy still the 
produce could not in any case be greater than in propor- 
tion to the amotmt of nutritive substances in the soil. 
But, in fact, they were far greater, and the roots actually 
absorbed more nutritive substances than the water could 
possibly have conveyed to them, even under the most 
ftyourable circumstances. 

These experiments have, for the first time, afforded 
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direct proof that plants possess the power of absorbing 
their necessary nutritive elements from a soil in which 

they are prcsoiiL lu physical combination, i.e. in a 
state wherein they have lost their solubility in water; 
uud the comportment of arable and cultivated soil in 
general shows tiiat the nutritive substances contained in 
them must be present in the same form as in the artificial 
turf soil of these experiments, with this difference, how- 
ever, that tlie eartliy particles in the arable soil are not 
merely the vehicles of these substances, but their source. 
In a soil consisting of turf-powder» a second crop will not 
succeed so well as the first, unless ^e nutritive sub- 
stances which have been removed are iguin supplied; 
nor will the soil regain its fertiUty, however long it be 
left follow. 

The benefit derived from mechanical tillage of the 
ground depends upm the law» that the nutritive substances 
existing in a fruitfid soil are not made to dmnge their 
place by the water circulating in it ; that the cultivated 

plants rec:eive their food principally from the earthy 
particles with which the roots are in dir ect contact, out 
of a solution forming around the roots themselves ; and 
that all nutritive substances lying beyond the inmiediate 
reach of the roots, though in themselves quite effective as 
food, m e not directly available lor the use of the plants. 

There are no isolated laws in nature, but they are 
all together links in one chain of laws, which are in turn 
subordinate to a higher and a highest law. 

With the natural kw, that organic liie is developed 
only in the outermost crust of the earth which is exposed 
to the sun, is most intimately connected the power of the 
fi:agments of that cmst which form the arable surface soil, 
to collect and retain all those nutritive substances on 
which life dep^ds. A plant is not» like an anima], 

I 
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endowed with special organs to dissolve the food and 
make it ready absorption ; this preparation of the 
nutriment is assigned by another law to the fruitful earth 
itself, which in this respect discharges the functions per- 

foniied by tlie stomach and intestines of aiuinals. The 
arable soil decomposes all salt^ of potash, of ammonia, and 
tlic soluble phosphates; and the potash, ammonia, and 
phosphoric acid always take the same form in the soil, no 
matter from what salt they are derived. In perfomiing 
ihis function, tlie planl-bcariiig cartli constitutes for the 
use ol' man unci beast an imnKn-'* purifying a])paratus, 
whereby it removes irom the water ail matters hurttui to 
the health of animals, and all products resulting from the 
decay and putre&ction of deceased generations of plants 
and animals. 

The question how mueh of the several nutritive sub- 
stances a soil niubl contain to yield remunerative crops is 
of great importance, but its exact determination is beset 
with vast difficulties. If, indeed, tiie nutritive power of 
an arable soil depends upon tiie quantity of substances 
held in pliysical combination in the ground, it is evident 
tlmt a chemical analysis, which cannot rigorously distin- 
guish elemenUi in chemical combmation from those in 
physical combination, must fail to afford any certain 
conclusion in the matter. 

In comparing several equally 2)roductive soils, we often 
find that they differ immensely in their chemical com- 
position ; and tliat of two soils containing, the one 80 to 
90 per cent., the other only 20 per cent, of pebbles and 
sand, the former will frequentiy yield better crops than 
the latter. The case is possible, that a soil fruitful in itself 
may not suffer any diminution of its fertility by being 
mixed with half its volume of sand, but may actuidly 
become more productive, though it now contains, in every 
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part of its transveise section, one-third less nutritive matter 
than before. The reason is, that by the addition of sand 

the food-afrordin<x surflico of the other constituent jxirts 
of tlie soil is enlarged, and ou this everything depends as 
regards the power of the soil to give up to plants the food 
contained in it 

A soil on which lye thrives well often proves unsuited 
for die profitable eoltivation of wheat, though both plants 
take from the soil exactly the same constituents. 

It is clear tliat the failure of wheat on such a soil arises 
from this cause, that the wheat plants, within the allotted 
period of their existence, do not find nutriment enough 
for their frill developement in the food-su])})lying soil 
about tlieir roots, whiLst the quantity suppUed in ample for 
the rye plants. 

Now chemical analysis proves that such a rye soil alto- 
gether contains, to a depth of 5 to 10 inches, fifty — nay, a 
hundred times more of the food-dements of the wheat 
plant than would be requured for an abundant crop of 
wheat; and yet, in spite of this supembundiuice, the field 
will afford no remunerative crop to tlie agriculturist. 

If we compare the quantities of phosphoric acid and 
potash drawn from an area of 2^ acres (hectare), by an 
average wheat crop (2000 kilogrammes s 4400 lbs. of 
grain, and 5000 kilogrammes= 11000 lbs. of straw) and 
a rye crop (1600 kilogrnnnnes = 8520 lbs. of grain and 
3800 kilogrammei!=8360 lbs. of straw), we find that the 
two crops severally received from the soil — 



Phopphnric acid . 

Pota.-h 

Silicic add . 




Jtj9 


25 — 2G= 55 to iyj 
160-862 


KUogt. lb*. lbs. 
17— 18=. 37 to 39 
8»— 40- 86— 88 
100—110 .220^242 
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The difforonco in the absolute requirement is therefore 
very small. The wheat crop leceiTed from the soil onlj 
9 kilogrammes (ss 20 lbs.) of phosphoric acid, about 12 

kilogrammes ('=20 '4 lbs.) of potash, and 50 to 60 kilo- 
grammes (=110 to 132 lbs.) of silicic acid, more than the 
rye crop. 

Before the true cause was known upon which the nutri- 
tive power of arable soil depends, it was utterly incom- 
prehensible how this trifling difierence of a few pounds of 

plujsphoric acid, siheic acid, and potash in the requh'ementa 
of wheat and rye, could make so great a difference in the 
quality of a field ; for in comparison with the total amount 
of these ingredients actually contained in the rye field, 
the additional quantity required by the wheat plant is 
inappreciably small. 

This diilLTeiice would indeed be inconceivable if the 
nutritive substances required by the cereal plants had 
any perceptible power of locomotion, for in that case there 
could not be an actual deficiency of food in any given spot 
of the soil ; every fall of rain would provide the poorer 
places with nutriment, if the trifling excess required by 
the wheat above the rye could really be distributed by 
the agency of water. 

Thus, although a soil suited for rye but not for wheat, 
may contain, within a short distance from the roots of the 
wheat, a large quantity of phosphoric acid and potash, 
often amounting, in the volume of earth Ijetween two rye 
plants, to fifty times more than the trifling addition de- 
manded by the wheat, yet, in point of fact, this nutriment 
cannot reach the roots of the latter. 

But if we consider that the nutritive substances cannot 
of themselves change their place in the ground, the fidlure 
uf wheat upon a rye field is very simply ex])lained. 

If a 2^ acre field yields to an average rye crop (grain 
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and straw) 17 million milligrammes 37 ^Ibs.) of phos- 
phoric add, 39 million millignanmes (=86-8 lbs.) of 
potai^, and 102 million milligrammes (» 224*4 grains) 
of silicic add, then the rye plants growing on a square 
decimetre (=15-3 square inches) receive from the soil 17 
milligrammes (=0*26 grains) of phosplioiic acid, 39 milli- 
grammes (=0*6 grain) of potash, and 102 milligrammes 
(ssl*56 grains) of silidc add. 

Now, from the same area of a good wheat soil, the 
wheat plants growing on it receive 26 milligraiiniies of 
phosphoric acid, 52 milligrainmes of potash, and 160 mil- 
ligrammeB of silicic acid. The food-absorbent surface of 
the rye and wheat plants is not in contact with all the 
earthy partides whidi contain food in a square dedm^tre 
of the fidd downwards, but only with a small volume of 
the soil ; and it is quite evident, that if the seed is to 
thrive in every spot, the earthy particles, which do not 
happen to come in contact with the roots, must contain 
as much nutritive matter as the others. 

If we could ascertain with any certainty the root- 
surface which absorbs nutriment, we might infer the 
volume of earth from wliich it received loud, for eveiy 
root-fibre is surrounded by a cylinder of earth, the inner 
wall of which facing the root is as it were gnawed off by 
the extremities of the root which press downwards, or by 
the cell-surfaces which are deposited in a downward 
direction. But in no plant are tlie diameter and length 
of the root-fibres deteiTnined, and we must rest satisfied 
with an approximative estimation. 

Jjet us assume that the 17 milligrammes (= 0*26 gr.) 
of phosphoric add, 39 milligrammes (=s 0*6 gi .) of 
potash, and 102 milligrammes (= 1*56 grs.) of silicic 
acid, are absorbed from a mass of earth the tmnsverso 
section of which is 100 square millimetres ( = 15*3 square 
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inches)} then the rye-field in each square decimetre (1 0,000 
square millimetres) will contain 1700 miUigrammes 
(ss 26*2 gTB.) of phosphoric acid, 3900 miUigTanunes 
(s= 60 grs.) of potash, and 10,200 milligrammes 15*7 
grs.) of silicic acid ; tliat is, a hundred times as much as 
an average rye crop I'equires. Now, as the wheat plant, 
to thrive equally well, must receive half as much again of 
phoephoric and siHcic add, and 0*4 more potaah, from the 
same portions of the soil, it follows that if a hectare 
(2| acres), to produce an average ry^ crop, contains 

1700 kilqgrammeBs: 3740 lbs. of phosphoric acid, 
8900 „ = 8580 „ potash, and 

10200 „ SS22440 „ ailicic acid, 

a fertile wheat soil must contain 

2560 kilogrammes = 50^2 lbs. of phosphoric acid, 
5200 „ =11440,, potash, and 

15300 „ s3a660 „ aiUcic acid. ^ 

If a cubic dedm^tre (1 litre s 1*7 pint) of arable 
soil weighs on an average 1200 grammes (= 2*64 lbs.), 
and we assume that the greater number of the roots of a 
wheat plant do not go deeper than 25 centimetres (10 
inches), then the above 1700 milligrammes of phosphoric 
acid, 3900 miUigrammes of potaah, and 10,200 milli- 
grammes of silicic acid, must be contained in an available 
form in 2i cubic decimetres, or 3000 grammes (= GG lbs.) 
of soil : this makes 0*056 per cent, of phusphoric acid, 
0 034 per cent, of potash, and 0*34 per cent, of sihcic 
add. 

Before we discuss the inferences which follow from 
these numbers, we must remember that they involve 

some hyi^othetical elements, wliich ought not to be left 
out of view. The numbers representing the quantity of 
ash constituents, which an average rye and wheat crop 
take from a hectare (2^ acres) in com and straw, have 
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been determined by chenucal analyBiBy and are not hypo- 
UieticaL It is therefore certain that a wheat crop draws 
from the ground half as much again of phosphoric acid 

and silicic acid, and one- third more potash, than a rye 
crop. 

The suppoaitioii that a wlieat soil, to the depth of 10 
inches, contains in physical combination 0*056 per cent 
of phosphoric add, 0-034 per cent of potash, and 0*34 
per cent of silicic add, which makes a himdred times as 

much as a wlieat crop would take in com and straw fi*om 
the field, is purely hypothetical ; and the present question 
is to determine the limits up to which this estimate may 
be accepted as true. 

If arable soil is left for twenty-four hours in contact 
with cold muriatic acid, a certain quantity of potash, 
phosphoric acid, silicic acid, as well as lime, magnesia, &c. 
is extracted. If the soil is treated for a long time with 
boiling muriatic add, the quantities of dissolved silidc 
add and potash are mudi greater. Lastly, by decom- 
posing by fusion the silicates, and then treating with hot 
jnunatic acid, we can obtain all the potash and sihcic 
acid contained in the soil. Without risk of error w^e may 
assume that those nutritive substances which can be ex- 
tracted by cold muriatic add are most feebly retained by 
the soil, and approadi nearest the elements in physical 
combination; or, at all events, so near, that by the 
common di.-5iiiLegiating agencies they very easily paijs into 
this form of combination. 

In this way Dr. Zoeller subjected to analysis two 
kinds of wheat soil — the loam of Bogenhausen and of 
Weihenstephan, the latt» of which in partLcolar repre- 
sents an excellent wheat soil. One hundred parts of 
these two soils yidded to cold muriatic acid — 
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Soil of Weihenrt^phan 
Soil of BogenluiiUMixi . 






BOldeaeiil 


0-218 
0-1S9 


0-249 
0*098 


0-^90 
0*674 



If these qiiautiLies of uutritive element? are present in 
an available condition in these soils, that of Weihen- 
stcphan would contain of phosphoric acid almost 400 
times, of potash 700 times, and of silicic acid rather 
more than 190 times, as much as a wheat crop requires : 
in the soQ of Bogenhausen the amount of phosphoric 
acid, potash, and silicic acid would be twice as large as 
the hypothesis presupposed. 

The well-known analyses of similar soils by other 
chemists show that the assumed estimate of the mitritive 
substances required in a good wheat or rye soil is rather 
below than above the actual amount; and, in fact, the 
future ]>ros]K'cts of nirriculture would l)e very gloomy, if 
the ^n ound was not fai' richer in nutiitive substances than 
has here been hypothetically assumed. 

This is, perhaps, the place to state the distinction 
between the fertility of a field and its productive powers. 
According to tlu^ experiments of Nageli and Zoeller, men- 
tioned above, turf may be so saturated with the necessary 
nutritive substances as to become an extremely fruitful 
soil for beans ; and a comparison of the ash constituents, 
in the stalks and seeds of the crop, with the quantity 
which had been added to the turf, shows that the twelve 
to fourteen-fold quantity of these ash constituents was 
enough to produce a very abundant seed crop. The 
porous turf, saturated even in its minutest particles with 
nutritive elements, &voured in this case an enormous de- 
vdopement of the roots, to which the largeness of the 
crops is due. Nothing can be more certain than thai its 
power of production measured by time is very small, and 
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that after a very few harvests its fertility would vanish 
speedily and for ever. 

^Diat our com fields shotdd contain nutritive substances 
in very great abundance is tlie necessaiy couditiou for a 
amtinuance of good crops, but it is not indispensable for 
one rich harvest. 

A good rye soil is one which produces an average rye 
crop, but less than an average wheat crop. 

From what we have seen, tlie reason why a wheat 
plant, which requires from the soil tlie same elements as 
the rye plant, will not thrive as well a^ tlie latter upon a 
rye soil, is founded on this, that during the same period 
of time the wheat needs more of these nutritive sub- 
stances than the rye, but cannot obtain this additional 
quiUitity. Hence, a good wheat soil wliich yields an 
average wheat crop, differs from a good rye soil which 
produces an average rye crop, inasmuch as the wheat soil 
in all its parts contains more nutritive substances, just in ' 
proportion as l^e wheat crop needs and carries away 
more than the rye crop. 

A gootl rye soil, which is able to give and doe.H give 
1 per cent, of its nutritive substances to an a\ erage rye 
crop» would necessarily yield an average wheat crop, if 
the wheat plants growing upon it could extract 1| per 
cent of its nutriment. But, in fact, this does not 
take place : whence it follows that the absorbent root- 
surfaces of the wheat cannot be half as large again as 
those of the rye ; for, were this the case, the roots of tlie 
wheat would come into contact with half as many more 
earthy particles yielding nutriment, i. e. the rye soil would 
necessarily produce an average wheat crop, which however 
is not the case. 

The comparative returns, in corn and straw, from a 
rye soil, which has been sown nmultaneously half with 
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wheat and half with rye, mii?ht tlicrofore enable us to 
estimate the extent of root surface in wheat and rye 
plants. If the wheat crop from one-hiilf of such a field, 
reckoning by the hectare, receives as much phosphoric 
add and potash as the lye crop from the other htdf (17 
kilogrammes of phosphoric acid and 39 kilogrammes of 
potash), this would argue that the rooti> of the Avlieat 
have come in contact with earth yielding as much nutri- 
tive substance, and the earth with the same extent of 
absorbent root sur&ces, as in the case of the lye. If the 
wheat crop contains phosphoric add, potash, and silicic 
acid, citlier more or less than the rye crop, this would 
lead us to lulor a larger or smaller ramification of the 
roots. Experiments of this kind with rye, wheat, barley, 
and oats are well worth making, although they have no 
j)ractical interest for the farmer, but merely a physiolo- 
gical importance, and would finally lead to conclusions, 
the correctneas of wliich hes within rather ^\h\r■ limits. 
The absorptive power of the plant, and the time of ab- 
sorption, make a difference which, however, hereby 
becomes perceptible. 

Of two plants, with the same absorbent root surface, 
and yielding equal produce, one of whicli flowers and 
ripens earher than the other, the one with the shorter 
period of vegetation must find somewhat more food, in 
all the places which furnish its nutriment, in order to 
receive the same amount as ihe other, which has a longer 
time for absorption. 

Thus, the only hypothetical assumptions in determining 
the above numbers arc, that the food-al)sorbeut root 
surfaces of rye and wheat are equal, and that the lye soil 
yields neither more nor less than exactly I per cent, of 
its nutritive substances. No doubt such a soil has no 
actual existence ; but, supposing thai ^ve had such a soil 
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before us, and were to put the question how much nutri- 
ment we muBt add to convert it into a permanently pro- 
ductive wheat soil, the answer would be uot liypothetical, 
but perfectly trustworthy and exact. If 



The wheat soil *«tn»^M 

The 179 soil . . , . 

Thf whoat MlH IB iJiA ridier of Um 


PhflBphotte sold 


PPtMk 




KiloCT. 
•2.360 
1700 


3900 


15300 
10200 


m 


1300 


6100 



Hence, to a rye soil of a given con<Ulion and productive 

power, we shoukl have to add, in houie form or other, 
one-half more pho>];lionc and siUcic acid, and one-thiid 
more potash, than it already contains, to make it capable 
of producing average erops of wheat grain and straw. 

And to obtain permanently from a wheat soil a crop 
half as large again as an average harvest, we should add 
one- half more of nutritive substances than it already 
contains. 



A hectare of whMt Boil eonteiiw . 
One>lMlfiBoiie ...» 




MA 


BOIdeadd 


Kiktgr. 
8M0 

12S0 


KUogr. 
5200 

2600 

8800 


Kilogr. 
10800 


8840 


1«800 



These speculations have no other object than to show 
that a small difference in the absolute quantity of a nutri- 
tive element, required by one kind of plant more than 

by another, presupposes a great excess in the amount of 
tins constituent in the soil. A wheat crop takes from 
the soil, per hectare (2^ acres), only 8*6 kilogrammes 
(19 lbs.) more phosphoric acid than a lye crop ; but that 
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the wheat-roots may appropriate these 8-6 kilogmmmes, 
the soil must contain a hundred times as much (S60 
kilogrammes) of phosphoric acid as the ije soil, or per- 
haps even more. 

Although these figures refer to an ideal soil of strictly 
defiuite composition, yet the conduisiou which we diaw 
is true for all classes of soil. 

It is an undoubted fact, that the ground must always, 
and under all circumstances, contain a larger amount of 
nutritive substances than the crop grown on it Sup- 
posing the soil to contain, instead of the hundred-fold, 
only the seventy or fifty-fold quantity of the nutritive 
elements in the crop, we infer from the law of the immo- 
bility of these elements, that, to double the crop, we 
must add to the field seventy or fifiy times the quantity ' 
of mineral constituents contained in the produce. In 
pracliec the case is diflerent, for no actual field, like our 
ideal one, contains phosphoric acid, poLabh, and silicic 
acid in exactly the relative proportions in which they 
exist in the ash of rye or wheat. Most fields which are 
suitable for cereals are firuitfiil also for potatoes, clover, 
or turnips, which extract from the soil much more potash 
than tlie eereals. 

Tlierefore, to convert a ryo soil containing more than 
3900 kilogrammes of potash, per hectare {2}, acres), into 
a wheat soil, would not require an addition of 1300 
kilogrammes of potash, but a proportionately less amount 
would fully anijwer the purpose. 

We shall hereafter discuiis at greater length the rela- 
tions existing between the composition of a soil and its 
fertility. The main conclusion, which the above figures 
are intended to illustrate, is the practical impossibility of 
converting a rye soil into a wheat soil by suppl}dng the 
deficient ash constituentj*, or of making a wheat lield by 
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the same means produce half as much again as an average 

crop. Admitting this might be readily accomplished, 
experimentally, on a small area, yet the price of phos- 
phoric acid, potash, or even of soluble silica, and the 
impossibihty of procuring them for a large number of 
fields, though in a given field only one of these sub- 
stances had to be increased in the proportion stated, 
woiikl oppose insuperable obstacles to the conversion or 
improvement of land. 

The law of the immobility of the mineral elements in 
the soil explains the agricultural experience of ages, that 
almost universally, under like climatic conditions, certain 
fields are suited for certain plants only, and that no plant 
can be profitably cultivated upon a soil, unless the mineral 
cont^ts of the soil are in proportion to the special re- 
quirements of that plant. 

In practice, it is quite impossible, by a supply of mineral 
substances, to improve the land of an entire country, so 
that it shall yield crops considerably more abundant than 
the natural store of food elements in the soil enables it to 
produce. 

Every field has a real and an ideal maximum of pro- 
ductive power corresponding to the nutritive substances 
which it contains. Under the most fiivourable cosmical 

conditions, the real mjiximum corresjionds to that portion 
of the total amount of nutritive elements, which is present 
in the soil in an available form, i. c. in a state of physical 
combination with the soil ; the ideal maximum is what 
might possibly be obtamed if the rest of the nutritive sub- 
stances, which are in chemical combination, were con- 
verted into an available form, and distributed through 
the soil. 

Hence, the art of the agriculturist mdnly consists in 
selecting such plants as will thrive best on his land, in 
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adopting a proper system of rotation, and in using all the 
means at his command to make the nutritive elements in 
chemical combination available for plants. 

The achievements of practical agriculture in these re- 
spects are wonderful, and tliey demonj^tratc tliat the 
ti iuniplis of art far exceed those of science, and that the 
fanner, by aiding the agencies wliich improve the chemical 
and physical condition of his land, can obtain much more 
abundant crops than by supplying nutritive matters. Be- 
cause, what he can supply in the shape of manure, with 
due regard to a jiroper return, is so small in comparison 
with the isture uf nutritive matter contained ni a fruitful 
soil, that a perceptible increase of produce can hardly be 
expected to result from it 

But what the &nner may achieve by manuring is at 
best the result — unquestionably a most important one — 
that his crops suflei' no diminution. Where they actually 
increase, this is less attributable to the addition made to 
the store of mineral constituents than to their distribution, 
and to the fact that certain quantities of inoperative sub- 
stances have been rendered available. 

If we wished, by increasing the phosphoric acid re- 
quii'ed for the formati(^n of seed, to enable a wheat field 
yielding an average produce of six grains to , give two 
additional grains, it would be necessaiy to increase by ^rd 
the whole amount of the phosphoric add present in the 
field, and serving for the formation of seed. For it is 
always but a small fraction of tlie total quantity supplied 
that comes into contact witli the roots of the plants ; and 
that they may be able to absorb this ^rd more, it is indis- 
pensably necessary to increase the phosphoric acid by ^rd 
in aU portions of the soil. This reflection explains the 
rule found true in rxperience, that to produce a marked 
effect upon crops by manuring, a mass of manure must 
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be laid on, utterly disproportionate to the expected in* 
crease. 

A manure will exercise its beneficial action upon a field 
in the most marked manner, when it establishes a more 
suitable relative proportion between tlie several mineral 
constituents in the soil ; because upon this. proportion the 
crops are dependent No special argument is needed to 
demonstrate, that where a wheat soil contains just so much 
phosphoric acid and pot^ish as will suffice to ailord the 
quantity of these two substances requued for a full wheat 
crop, and no more (accordingly for every part by weight 
of phosphoric acid two parts by weight of potash)^ an ad- 
ditional supply of one-half more, or even of double the 
quantity of potasli, cannot exercise the slightest possible 
iullueuce upon the crop of corn. The wheat plant re- 
quires for its full developement a certain relative propor- 
tion of both Qutritive substances, and any increase of one 
beyond this piopoition makes the other not a whit more 
effective, because the additional supply exercises by itself 

no action. 

An iiicrease of phosphoric acid alone has just as little 
influence in making the returns greater, as an increase of 
potash alone : this law applies equally to every nutritive 
substance, potash, magnesia, and silicic add ; no supply of 
these substances beyond the requirement of the wheat- 
plant, or its capacity of absorption, will have any effect 
upon its growth. The relative proportions of the mineral 
substances, which the plants draw from the soil, are easily 
determined by analysing the ashes of the produce. It is 
found by analysis that wheat, potatoes, oats, and clover 
receive the following proportions of phosphoric acid, 
potash, lime, magnesia, and sihcic acid : — 
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Supposing wheat, potatoes, oats, and clover to be 
cultivati'(l ill a iicld for four years in succL'Stioii, each of 
these plants will 4ibsorb I'roin tlie soil the proportion of 
mineral constituents which it requires ; and the sum total 
divided by the number of years, viz. four, shows the 
average relative proportion of aU the nutritive substances 
wliicli the soil lius lost. 

If, in the formula, 

FlioQliorio mU Pot— UnMiDdaiiiMrift BOkbiacId 
«(1«0 : 2*6 : 1-6 : B-O) 

we determine the value of n, which is meant here to 
designate the number of kilogrammes of phosphoric acid 

which the four crops hiivc received from the soil, we find 
for the wheat crop 2G kil»)grammeri of phosphoric acid, 
for the potato crop 25 kilogrammes, for the oat crop 
27 kilogrammes, and for the clover crop 36 kilogrammes 
— altogether, 114 kilogrammes; multiplying the above 
proportional numbers by this number, we obtain the sum 
total of all the nutritive substances extracted from the 
soil by tlie four qvo\)<>. 

With the help of these proportional numbers, we are 
better able than before to give some more accurate 
explanations. ' 

Suppose that the soil of a certain field contains, in an 
available state, the req^uisitc quantities of phosphoric acid. 
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potasih, lime, and mn^^nesia, to supply tlio four cro]7S 
stated above, but tliat it is deficient in tlie proper propor- 
tion of silicic acid — oontainiDg, for example, for 1 
part by weight of phosphoric add, only 2^ parts of 
silicic add, in an available condition — this defidency 
will, in the first place, be felt in the crops of cereal 
plants, Avhilst the ])otato and clover crops, on the contrary, 
will not be at all diminished. It will depend upon the 
weather to determine whether this defidency in the 
crop of cereal plants extends both to com and straw or 
is confined to the straw alone. A want of potash, in 
proportion to all the other constituents, will barely affect 
the wheat and oat crops, but it will reduce the potato 
crop ; in like manner, a want of lime and magnesia will 
impair the dover crop. 

If the ground can furnish one-tenth more potash, lime, 
magnesia, and sihcic acid, than corresponds to the given 
proportion of phosphoric acid — thus, il^ 
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the crops woidd not tiun out larger than liefore. But if, 
in such a field, the quantity of phosphoric acid is in- 
creased, the produce will increase, imtil the right propor- 
tion is restored between the phosphoric acid and the 
other mineral coD.stituents. The additional supply of 
phosphoric add serves iu this case to increase the amount 
of potash, Hme, and silidc add in the produce ; but if 
this additional suf^ly exceeds one-tenth of ^e phosphoric 
add present in the soil, the quantity in excess remains 
ineflective. Up i ) this liuut, every pound — nay, eveiy 
ounce — of plio^^phoric add supphed has, in this case, a 
fidly determinate action. 
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• If potash or lime alone is wanted to restore the right 

proportion among the rmtritivo substances in tlie soil, a 
siqiply of ash or lime will increase the produce of all the 
crops — the additional supply of limo effecting, in this 
case, an increase in the amount of phosphoric add and 
potash in the augmented produce. 

If we find that a soil will not bear a remunerative 
crop of cereal plants though it remains fruitful for other 
plants, such as potatoes, clover, or turnips, which require 
just as much phosphoric acid, potash, and lime, as the 
cereals, we may assume that the soil had the latter sub- 
stances in excess, but was deficient in silicic add. 
And if, in the course of two or three yeai's, during 
which other produce is cultivated on it, the land recovers 
its fertility for cereals, tliLs must be because it contained, 
though unequally divided and distributed, an excess of 
silidc add also, which, during the fallow season, mi- 
grated from the places where it was in excess to those 
where it was deficient; so that when the subsequent 
period of cidtivation began, there was in all these places 
the right proportion of all the nutritive substances needed 
by cereal plants. 

For similar reasons, if peas or beans can be cultivated 
on a given field only at certain intervals, and ex])erience 
shows that skilful, industrious tillage is asuiilly more 
effective than manure in shortening these intervals, we 
may infer that in sudi cases the nutritive substances were 
not deficient in total quantity in the whole fidd, but in 
proper proportion in all parts of the field. 
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CHAPTER m. 

ACmON OF SOIL ON FOOD OF PLANTS IN MANUBB. 

Manures: meaning of tlio terai; tlieir nrfion as food of plnnts nxvl moans 
for improving the soil — Effect on soih with different powers ot ub- 
Borption — Elach soil possesses a definite power of absorption ; the dis- 
tribution of tiie food of plants in tiie Mil is inTOisely to the power of 
absocption; motns of oountencting the absorptive power— 'Absarption 
number, notion of ; compnrifon of in different fields ; its importance in 
husbandry — Soil saturattni witli food of planta; its comportment with 
water — Quantity of food to saturate a soil — A saturated .soil not re- 
quired in the growth of {dants — Manuring may be compared to the 
application of earth saturated with food — Importance of the unifonn 
diHtribtition of food in mnnuroa; fresh and rotted stall manure; coffipo^t : 
imporomce of powdenHi turf for the preparation of nmnure — (,>uuutity 
of food in uiimauured fields and their powers of production i increase of 
the lattn apparently out of proportion to the manure added; experiments 
on tiiie point ; explanation ; composition of the soil and its absorptlye 
power eonipnrt^d with the requirenients of the plants to be cultivated on 
it; surface and subsioil plants, the tillage and manuring? respectively 
required by each — Clover sickness) experiments of Gilbert and Lawes; 
their ooadusiolu ; value of tOiem. 

THE tenn ' manure ' is commonly uaed to designate all 
matters whicli, applied to a field, will increase the 
amount of its future produce, or, wlioii tlic laud has been 
exhausted by cultivation, will restore its capability of 
yielding remunerative harvests. 

Manuring agents act partly in a direct manner as 
elements of food, and partly, like common salt, nitrate of 
soda, or salts of ammonia, by enhancing the effect of the 
mechanical operations of tillage, so that they frequently 
exert as favourable an influence as the actual increase of 
the nutritive substances in the ground. 

Of the two last-named compounds, nitrate of soda 

K 2 
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coQtaim a uutritivc substance in the uitxic acid, and salts 
of ammonia in the ammonia. Hence it is extremely difii- 
cult in individual cases to determine whether their action 
is due to thdr nutritive constituents, or to the fact that 

they have brought about tlie ubsuiption of other nuLiiLiv e 
substiuicc^. 

In a fertile soil tillage and manuring have a definite 
relation to one another. If, after a hch harvest, the field 
is prepared by tillage alone to produce a similar rich crop 
in the next year, that is, if the mechanical means are suf- 
ficient to distribute the store of nutritive sub&timces so 
uniformly that the plants of the foilowiug season will find 
as much nutriment hi all parts of the soil as during the 
last, any further supply of mmer al constituents by manur- 
ing would be mere waste ; but, where a field is not in that 
condition, tliu clefieieiu'y must be supplied by iiiuiiure, iu 
order to restore the original power of production. Tints, 
in a certain sense, the mechauical operatious of tillage 
and of manure are supplementary to one another. 

Of two similar fields, manured in exactly the same way, 
if the one has been well tilled, and the other badly tilled, 
the former will yield a riclier crop, i.e. tlie manure .sei'uis 
to have a better ellect upon this than upon the badly- 
. tilled field. 

If one of two farmers knows his land better, and culti- 
vates it more judiciously than the other, the former will, 

in a given time, obtain as good crops w^th less mauure, or 
richer crops with the same quantity of manure. 

All those facts should be considered in estimating the 
value of manuring agents; but, as science has no 
standard for measuring the results of the mechanical 
operations of tillage, this cannot be taken into account 
here, and we mu^t confine ourselves to that which can be 
scientifically measured and compared. 
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When two fields are equally rich m nutritive substances^ 
it often happens that the one, by tillage alone, or by tillage 
combined with mauuiing, will be brought much sooner 
than the other into a condition to peld a succession of 
remunerative crops of cereal or other plants. 

On a light sandy soil» all kinds of manure act more 
rapidly and effectively than on clay. The sand is more 
<rratefiil, say the farmers, for the in; mure bestowed upon 
jt, and yields a more abundant rotuiu than other soilfi for 
what it has received. The nitrogenous manures, such as 
wool» hom-^havings, bristles, and blood, which, as we 
know for a certainty, act by the formation of ammonia, 
frequently exercise a fer more favourable influence upon 
many i>!auLs than ammonia itself. In other cases, bone- 
earth acts more powerfully upon the future crop than 
superphosphate of lime ; and sometimes ash will prove 
more fertilising than if the amount of potash contained in 
it were directly laid upon the field 

All these facts are most intimately connected with the 
faculty of arable soils to extract or absorb phosphoric acid, 
ammonia, potash, and silicic acid from their solutions. 
The restoration of the productive power to an exhausted 
field by the mechanical operations of tillage and fallowing 
alone, without manure, presupposes that in certain parts 
of the field there must have been an excess of nutritive 
substances which dispersed in the soil and extended to 
other places where such substances were deficient. 

This distribution demands a certain time* The excess 
of nutritive dements must first be dissolved, that they 
may be able to move towards those pai ts which have lost 
their elements oi iuud by a previous harvest. The closer 
these superabundant deposits lie to each other, the shorter 
is the way over whidi the substances have to travel ; and 
the less the absorptive power of the intervening earth 
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particles for these nutritive substances, the more speedily 
wiU the productive power of the soil be restored. 
Every arable soil possesses, for potash and the other 

substauccs mentioned, a duterniinate power of absorption, 
which may be expressed by the immber of milligrammes 
absorbed by 1 cubic decimetre (=1000 cubic centi- 
metres) of earth. Thus, for instance ; — 

Cubic Cubic 

dcTimctre iiu)i<s MUllgnimniM Onlnl 

1 = 61 of lime soil from Cuba, absorbed 13f^0 = 21 potash 

1 loam Bogenhauflon „ 2200 = 35 

1 „ Roil „ Wcihenstcpliwi 2G01 = 40 „ 

1 „ s<'il Hungary „ 3377 = 52 „ 

1 „ garden mould Munich „ 2344 = 3G |, 

It will be seen at once that these differences in absorp- 
tive power are very considerable. One volume of earth 
from Weihenstephan absorbs nearly twice as much potash 
as an equal bulk of soil from Cuba ; the HuDganau earth, 
here examined, absorbs 2^ times as much. 

These figures show that a certain quantity of potash, 
say 2G00 milligrammes, if supplied to the Weihenstepliaii 
soil, will s[)read in a space of 1 cubic decimetre of earth. 
If we were to pour Uie potash, in solution, on a small 
plot of ground, 1 square decimetre in area, the potash 
would penetrate to a depth of 1 decimetre (as 3*94 inches), 
and no deeper; every cubic centimetre (='061 cubic 
inch) would receive 2-6 milligrammes (=-04 grain) of 
potash, but the layers beneath would receive none, or at 
least no appreciable quantity of it 

If the same solution were poured on an equal area of 
Hungarian or Cuban soil, the potash filtering through 
would penetrate, in the former, to a depth of somewhat 
above 7 centimelrcjs (=2*7 inches) ; m the latter, to a 
depth of 19 centimetres (=7*5 inches). 

The difiusibility of potash in a soil is in an inverse 
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ifttio to the absorptive power of that soil; half the 
absorptiye power corresponds to double Oie difiusibiUty. 
In a fflmilar way potash will spread m a field during the 

time of fallow. From the spot where the potash is set 
free from a silicate by disintegratiuii, it will diffuse ilseli" 
through a volume of earth so much the larger in propor- 
tion as the absorptive power of the earth for potash is 
smaller. 

The absorptive power of arable soil for siUdc acid 
differs just as muc li as for potash. 

Thus from a solution of sihcate of potash, 1 cubic 
decimetre (=61 cubic inches) of these different soils ab- 
sorbed the following quantities of silicic add: — 

Forest BoU TItinffarian n:inl>')i monlil T. T!(>k'< ii)inu.*:-ii fJanlcn iiioultl fl. 

MllllfsT. GmiriH Milli^T. UmtnK UtUiKr. (iniitu Miilijfr. Grains MiUiin-. UmiDS 

10=0 23 2G44=4a-8 2425=o7 o 2007=31 10{55=16-7 

Wlieiice to express the relative diffusibility of silicic 
acid iu thc^^c boiLs, we have the Ibllowiug proportion: — 

Hangarisn CtanieQ mould 1. BogmbAnsen Oankn mould U. Farcst soil 

10 1*09 1*81 2-43 17'6 

The same quantity of silicic acid which would saturate 

1000 cubic centimetres of Uuiigarian earth, would 
furnish a maximum supply for 1311 cubic ceutimetres of 
Bogenhausen loam, 2430 cubic centimetres of garden- 
mould n., and 17,600 cubic centimetres of forest soil. 

Ammonia, in the pure state, or in the form of salts of 
aiumonia, is absorbed l)y arable soil just in the same way 
as potash : one kilogramme (=2*2 lbs.) of the following 
earths will absorb respectively these quantities of am- 
monia: — 

OdImb Bphlifiw*iftw OmUou mould Pifgimhwititn 

MUUgr. Qnlv HUttgr. Ck»lai Wmgt. Qnta» UlUlgr. Gnlni 

55S0«85 3900^60 a240s:49-9 2600=40 
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which gives the following numbers for the relative difiu- 
sibiliQr of ammonia: — 

1-0 1-24 1*50 212 

The absorptive power of arable soils for phosphate of 

lime, phosphate of niat:rnesia, and phosphate of magnesia 
and annnoma, may determined in the same way, and 
the relative diflusibility of these several constituents in 
different soils may be expressed numerically. 

By the term ' absozption number,' we designate, in the 
following pages, the quantity reckoned in milligrammes 
(= 0'0154 grain) of the several mineral constituents, 
wliieli one cubic decimetre (=G1 cubic inches) of earth 
extracts from their solutions. 

To determine the condition of a field, the action of the 
manures applied to it, and the depth to which the several 
nutritive substances will penetrate, it is important to 
establish ])rop()rtionately the absorptive power of the soil 
for each of them ; thus, for example, 1 cubic decimetre 
of Bogenhausen loam absorbs : — 



Relative diffusibility 




Phoi<phat« of 
MofnicfdA and 


PotHh 


Phosphate 
of 

Lime 


Hilliirrammeb 
2600 
10 


Milli(n*ammos 
2666 
101 


HilUfrnunmca 
2366 
110 


MiUigmunnMi 

1098 

2-36 



Accordingly, the second series of these numbers ex-i 
presses that if a certain quantity of ammonia in its passage 
through the soil penetrates to a depth of 10 centimetres, 
the same quantity of potash will attain a depth of 11 
centimetres, and ii like quantity of phosphate of lime will 
reach 23*6 centimetres. 

In a soil Hke the Bogenhauscn, which absorbs per cubic 
decimetre 1098 milligrammes of dissolved pho^hate of 
lime, let us suppose that granules of phosphate of lime 
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are dispersed^ and that in one spot of ihe ground one of 
these granules weighing 22 milligrammes {\ of a grain) 
during the course of a certain time becomes soluble in 
carbonic acid water, and spreads in the surrounding soil ; 
first of all the earth immediately around this granule will 
be saturated with phosphate of lime, then as the carbonic 
add remains in tiie water and its solvent power con- 
tinues, a firesh solution will be formed, which will again 
offer |)h(;)Sj)]Kite of lime for absorptioa \u a wider extent 
of earth ; at length, when the 22 milligrammes of phos- 
phate of lime are thoroughly diffused in the surrounding 
earth, they will supply 20 cubic decimetres of earth with 
the maximum of this nutriUve substance in the form best 
suited for absojption. The rapidity with which the phos- 
phate of lime will dissolve and spread depends upon its 
extent of surface ; accordingly, if we suppose the granule 
to be converted into a fine powder, a solution will be 
formed richer in phosphate of lime just in proportion to 
the greater mmiber of partides exposed within the same 
time to the solvent action of the carbonic acid. There- 
fore, assuming that in a certain state of greater division 
twice or three times as much is dissolved in a given time, 
we infer that distribution under favourable circumstances 
wiU take place in one-half or one-third of the time it 
would take without the division. 

If, therefore, in a given case the restoration of the 
productive power in a soil by fallowing or manuring 
dep^ds upon the earth when drained of phosphoric add 
by the roots of plants receiving the needfiil phosphoric 
add back again from the surrounding earthy partides, 
it follows that with an equal amount of earthy phos- 
phates the time required to accomphsh this end will be 
shortened in proportion to the division of the earthy 
pho^bates. 
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S^w manure, after decay, leaves silicate of potash 
behind, and in the process of putre&ction evolves carbonic 
add, which by its action upon the silicates sets free silicic 

acid ; hence by \mn^ this manure the diffusion of silicic 
acid mik>t be promoted as the organic mattcis absorb 
none of it, and they, when mixed with the earth, must 
diminish the absorptive powers of the soil 

The forest soil above mentioned absorbed only very 
small quantities of sihcic acid from its alkaUne solutions ; 
and it is evident that the addition of such soil to the 
Hungarian earth would have the effect of difiuaing through 
a laiger vohune of earth the silicic add set free by 
disintegration. 

It is not, however, the case with every soil, that its 
absorptive poAver for silicic acid decreases in equal pro- 
portion to the quantity of combuitibie suhstances which 
it contains. Thus the Hungarian earth above alluded to 
contains more (9*8 per cent) combustible matter than the 
Bogenhausen loam (8*7 per cent), yet its absorptive power 
for silicic acid is not less but greater than that of the 
latter. Hence it follows that there are other circiun- 
stances which inliuence the absorptive power of the soil 
and consequently the diffiisibility of silicic acid. A soil 
abounding in hydrated silidc add will, under any drcum- 
stances, absorb less silidc add than one defident in that 
acid, even though tlie latter soil should contain a much 
larger amount of organic substances. 

The * absorption numbers * of two different arable soils 
afford no criterion for determining the quality of the soil 
or the amount of nutritive substances which it contains ; 
they merely tell us that, in the one soil, the elements of the 
food of plants will spread beyond certain places, further 
than in the other ; that the one soil opposes greater ob- 
stades to their difiusion than the other. The farmer, in 
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leaming the strength of these obstades, finds out by 
ezperience whether they exert a beneficial or adverse in- 
fluence upon the cultivation of his fields, and ascertains 
the means of removing the injurious or streugtheiiing 
the beneficial influences. 

On comparing a fruitfiil sandy soil with an equally 
fniitfiil loam or marl, as regards the nutritive substances 
contained in ihem, we are surprised to find that the sand 
"with oue-lnilf, or even one-fourtli, of the total substances 
c(nitained in the loam, will furnish an equally rich 
harvest To understand this circumstance properly, we 
must remember that the nutrition of a plant depends less 
upon the quantity, than upon the form of ihe nutri- 
ment in the soil ; just in the same way as, lur exumi)le, 
hah an oimce of animal cliarcoal presents as large an acting 
surface as a pound of wood charcoaL If the smaller 
quantiQr of nutritive substances in the sandy soil presents 
as large a surface for absorption as the larger quantity of 
those substances in the loam, the plants must thrive as 
well upon the former as iipou the latter. 

If a cubic decimetre of a fruitfiil loam is mixed with 9 
cubic decimetres of siUcious sand, so that every particle 
of sand is surrounded witii particles of loam» as many 
root-fibres and particles of loam will come into contact in 
the mixed as in an equal volume of the unmixed soil ; 
and if all the particles of l oam can yield the same nutri- 
ment, plants will receive from the mixed just as much as 
from the unmixed soil> tiiough, on the whole, the latter is 
ten times richer. 

All firuitfiil sandy soils consist of a mixture of sand with 
more or less clay or loam ; and as siHcious sand has a very 
Uuiitcd power of absorbing potash and the other mineral 
constituents of plants, the ingredients of the supplied 
manure, which have become soluble, i^read sooner and 
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penetrate deeper into a Bandy soil, which also gives back 
comparatively more of them than any other soil In 
many cases therefore a stiff loam may be improved by 
saud ; as, on the other hand, the addition of loam to a 
sandy soil will cause the nutritive substances, supplied by 
the manure, to remain nearer tlie surface, or to be re- 
tained more firmly in the arable top layer. 

But as a sandy soil gives up at harvest more nutritive 
substances in proportion to what it contains, than a fruit- 
ful loam, a moro speedy exhaustion is the consequence ; 
its power of production does not last long, and can only 
be sustained by frequent manuring, to supply the con- 
stituents which have been removed. Exactly in the same 
degree, as the manure acts more beneficially in restoring 
the productive power, tlie effect of the mechanical opera- 
tions of tillage becomes less marked. 

The same causes which restore to an exhausted loam 
a laige porti(m of its lost productive power, if the land is 
but suffidently broken up by the plough, are at work in 
a sandy soil also; but they produce little or no result, 
because the sand is deficient in those sid)stances which 
the action of the plough is intended to render available. 

As the surface of a hectare (2 J acres) represents 1 mil- 
lion square decimetres, the absorption numbers express the 
number of kilogrammes of potash, phosphoric acid, and 
silicic acid, which, wlieii applied on ii iiekl, will spread 
from the suiface downwards to a depth of 10 centimetres 
(about 4 inches). Volker, Henneberg, and Stohmann, 
in experiments made upon different soils to determine 
their absorption numbers for ammonia, observed that the 
earth retained a greater quantity from a concentrated than 
from a dilute solution of ammonia or salts of anmionia; 
whence it follows, as a matter of course, that the am- 
monia is divided between the water and the soil, and thai 
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from a soil fully saturated with ammonia, pure water will 
extract a certain quantity of it ; just as charcoal will com- 
pletely withdraw the oolouring matter from a slightly 
coloured fluid, but from one more deeply coloured will ex- 

tiact a much larger quantity ; a part of which, however, 
is but feebly combined and may be removed by water. 

In Volker's experiments, treatment with a copious 
amount of water extracted one-half the ammonia from a 
soil saturated therewith ; the other half was retained by 
the earth. 

Soils which contiiiu luucli decaying vegetable matter 
absorb more annuonia and retain it more firmly than soils 
that are poorer in decaying organic substances. Even 
ft ^juiing that two cubic decimetres of earth, instead of 
one, are required to retain completely the amount of 
anmionia indicated by the absorption nimiber, it is clear 
that ordinary manuring with an agent abounding in am- 
monia, such as guano or salts of ammonia, can enrich the 
earth with this substance only to a very inconsiderable 
depth. 

To saturate, with ammonia, a hectare (2^ acres) of 

Bogenhauseu loam, from tlie .surface downwards to tlie 
depth of one deciinetre, fully, or to half»saturate it to the 
depth of two decimetres (7*8 inches), would require a 
supply of 2600 kilc^rammes or 52 cwts. of piire ammonia, 
pr 200 cwts. of sulphate of anmionia. 

If 800 kilogrammes of guano, containing 10 per cent 
of annnonia, are appHed to a hectare of liogenhausen soil, 
the amount of ammonia added is 80 kdogrammes (=176 
lbs.), which is a httle more than the thirtieth part of the 
quantity required to half-«aturate the soil to a depth of 
20 centimetres. Without the plough and harrow, the quan- 
tity of ammonia contained in the guano would not pene- 
trate, at the furthest, deeper thim 7 millimetres ( = 0*27inch). 
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But to thrive well, plants do not require a soil saturated 
with nutdtive substances; for, the absorption numbers 
we have quoted sufficiently show how hx the arable 
soils are from a state of oomplete satuiatioiL All that 

plants need for tlieir pro^^er nutrition is that their roots, 
downwards in the soil, should come in contact with a 
certain quantity of saturated earth ; and the mechanical 
operations of tillage have the important object of con- 
veying earthy particles saturated with nutritive substance 
and of mixing them'with others, which by preceding culti* 
vatiou have become poorer in those constituents. 

The average crop tiom a hectare of wheat (2000 kilo- 
grammes =4400 lbs. of grain, and 5000 kiIogramme8=* 
11,000 lb& of straw) contains 52 million milligrammes 
(»114«41b6.) of potash, 26 million milligrammes («s57*2 
lbs.) of phosphoric acid, and 54 million milligrammes 
(^118*8 Ib.s.) of nitrogen. Assnmine the nitrogen to be 
supplied by the soil, the wheat plants growing on a square 
metre (:bI0*75 square feet) receive the ten-thousandth part 
of the potash, phosphoric acid, and nitrogen, or altogether 
18,200 milligrammes (*s208'8 grains). Supposing 100 
plants to grow upon a squ.nre nu tie, eacli of tlieae takes 
up from the soil 132 milligrammes of these constituents, 
or 54 milligrammes of nitrogen=65 milligrammes or 1 
grain of ammonia, 52 milligrammes (s»0'8 grain) of pot- 
ash, and 26 milligrammes (»0*4 grain) of phosphoric acid. 

Each cubic centimetre (=*06 cubic inch) of Bogen- 
hausen loam abs(^rbs to saturation 2*6 milligrammes 
(=•04 gram) of ammonia, 2*3 milligrammes (=0*35 grain) 
of potash, and 0*5 milligrammes (ts*008 gmin) of phos- 
phoric acid ; therefore, to restore a sufficiency of these 
constituents which the wheat plant has taken from the 
soil, would require a supply of 25 cubic centimetres of 
the saturated earth, and 25 milligrammes oi phosphate of 
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iime for each square decimetre of the field. Calculated 
upon a square decimetre ( = 15^ square inches) of surface 
aiid a depth of 20 centimetres (»7*8 inches), these 25 
cubic oentimetrea constitute the eightieth part of the 
ratiie mass of earth. 

The experiments of Naegeli and Zoeller, before des- 
cribed, furnish a good example of this kind of manuring. 
The manure consisted of turf, partly saturated with nutri- 
tive substances and mixed with three volumes of turf almost 
absolutely unfimitful ; this constituted a soil of the same 
degree of fertility as good garden mould. 

Such an addition of earth satumted with mineral con- 
stituents does not usually take place ; but the ordinary 
method of manuring comes exactly to the same result 
The field is dressed with liquid or solid manuring matters 
containing nutritive substances, which combine imme* 
diately if in solution, gradually if requiring a certain time 
for solution, with the earthy particles with which they 
are in contact^ and saturate them ; and it is properly 
this earih^ saturated with manuring matters cn its outer- 
mast surface or in M« inner parts vn^ wki^ the farmer 
manures^ i.e. with whicli he replaces the mineral con- 
stituents withdrawn from tlie soil. 
• Experience has taught the agriculturist which parts of 
the soil may be enriched with nutritive substances most 
profitably for himself, or rather for his plants ; and it is 
remarkable in the highest degree how he has foimd out 
the proper method of mannrinfj in accordance with the 
nature of the intended crop, the soil, and the period in 
which the plants are developed ; also whether to proceed 
by simple top-dressing or by ploughing the manure in to a 
greater or less depth.* 

' . * * Joum. of the Boyal Agric Soc. England/ t 21, p. 330. 
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In these respects the successes of the agriculturist 
would be still greater if the nutritive substances con- 
tained in the manure principally used, namely, farm-yard 
manure, were more uniformly mixed and distributed, 
because this would lead to a more uniform diMiibution 
of tlieui ill the soil. 

Farm-yard manure is a very irregular mixture of 
decaying straw and vegetable remaina, combined with 
solid animal excrements, the latter constituting the 
smaller portion of the whole mass: it is soaked with 
fluids which hold ammonia and potash in solution. If a 
hundred samples be taken from a hundred diflerent ])arts 
of a dung-heap, the analysis of each sample will show 
different proportions of nutritive constituents : hence it is 
evident that by a dressing with £uin-yaid manure hardly 
two spots in the soil will receive the same amount of 
nuyitive substances. 

The spot occupied by a dung-heap on a field during 
rainy weather, will be marked in the whole period of 
vegetation, and often even in the second year by a more 
luxuriant growth of plants, especially of cereals, though 
the plants growing on it will not always furnish a per- 
ceptibly greater yield of grain. If the pota-sh and 
ammonia received by this spot above what was requiied for 
the formation of grain, had been more evenly distributed, 
and thus accessible to the plants in other places, the yield 
of com from those plants would have been increi^ed ; 
whereas the excessive accumulation in one place merely 
increased the yield of stra\v. The unequal distribution 
of the other ingredients of farm-yard manure in the soil 
leads to a similar inequahty in the developement of 
the several parts of the cereal plants. On an ideal 
field, with the nutritive substances supposed to be distri- 
buted with perfect uniformity, and all accessible to the 
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rootSy all the cereal plauts^ other conditions being tlic 
same^ should attain the aame height, and each ear yield 
the same number and weight of grains. 

Lithe short, rotten fiirm-yard manure, the nutritive sub- 
stances are much more uniformly distributed than in the 
fresh straw manure ; and the agriculturist effects a still 
more uniform difiiision by mixing the dung with earth, . 
and turning it into so-called compost As dung and aU 
other manuring agents act only trough the medium of the 
earthy particles that hare become saturated v:ith the nutri- 
tive substances contained in the nuinure, it is, under cci*tain 
circumstances, advantageous for the £Eurmer to prepare a 
saturated earth, by help of his farm-yard manure, and to 
use this composition, which may of course be made on 
the field itself. K, in accordance with Voelkefs valuable 
experiments, we assume one cubic metre (=35 cubic 
feet) of farm-yard manure (500 kilogrammes or 1000 
pounds) to contain 660 pounds of water, 6 pounds of 
potash, and 12 pounds of ammonia ; and if this were 
mixed with 1 cubic m^re of earth, of which 1 cubic 
decimetre (=61 cubic inches) absorbs 3000 milh- 
grammes ( = 46*2 grs.)of potash, and tiUUU milligrammes 
(=92*4 grs.) of ammonia ; then, after the complete decay 
of organic matter in the manure (about 26 per cent of 
its weight), and the evaporation of one-half of the water, 
the result would be 1 1 cubic m^tre of earth fully saturated 
with aU the nutritive substances in the manure. Soils 
that will absorb the stated amoimt of potash and 
ammonia are everywhere to be found, and the farmer 
will have no difficulty in choosing the earth most suitable 
for his compost heaps. 

It is well known that dung exercises a inuehimical 
action also, tending to diminish the cohesion of a compact 
soil, or to make a heavy soil lighter and more porous. 
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For soils of this kiiid couipostii are not so well suited ; 
and, instead of the earth, some very loose body oiiglit to 
be substituted for mudng with the manure. Turf-dust 
will be found to answer the purpose best.* 

If the crops obtained from many fields by manuring 
witli farm-ynrd manure, bone-eaitli. guano, "and in many 
cases also with wood-ashes and lime, are compai'ed with 
what the same helds will yield in the unmanured state, 
the effect of these manures seems truly marveUous. 

The yield of an unmanured field must correspond with 
the iivailal)le niitritivo substances which it conUiins ; a 
lower crop corresponds to a smaller store of theae matters. 
In any one of the cases stated, if we compare the amount 
of nutritive substances in the unmanured portion of a 
field with the crop which it produces, and Uien compare 
the additional nutritive substances or the quantity of dung 
with the increased crop, the increastj appears to be beyond 
all proportion much greater than the additional supply. 
Hence we are led to suppose that the phosphoric acid, 
potash, and ammonia given in the manure must be much 
more efficacious than the substances present in the soil, or 

* It is, perliaps, much more iinportmit than manuring wiih composts, 
which always involyes much labour and more carriage, to take ad- 
vantage of the abaocbeat properties of earth and turf, for fixing the 
nutritive substances contained in liquid manure. By covering tlie 
ground of n dunghill, on an area of 10 metres wjuari! (= 10'5 sq. feet) 
"with a layer of loose fnrf. 1 in' trn (=:3'3 feet) deep, a bed of 100 
cubic metres (es 3, T) 00 cnl)ic feet) of turf is formed, into which the 
liquid portion of tlie manure in the dunghill may s;iftly l>o allowed to 
8uak witlaout the least risk of losing the smalleijt portion of ils uscfid 
ingredients. The turf may then be used, like dung, for manuring, and 
of course must be renewed every year. On fields which are not tilled, 
tuidb aa meadows, liquid manure irill natuialljact with greater rapidity. 
Thetuif ibtmd in the neij^boorhood of Munidi, when reduced to pow- 
der, absorba 7*892 giaaimea ( s 122 grains) of potaab, and 4-169 granunes 
(=64 grains) of oxide of ammonium, per 1000 cubic centimetres (=61 
cubic inches) weighing 880 gnunmes (11^ oas.). 



Digitized by Google 



BAVARIAN ljl£FfiBlM£NIS. 



147 



that the greater portion of them in the soil was ineffective, 
and that ite power of productioii had depended chiefly 
upon the supply of manure. Thus it arises, that while 
some farmers believe that all manure can be dispensed 
with because tillage alone is enough to render a field pro- 
ductive, others suppose that the £eld can be kept fruitful 
only by manuring. All these views are based upon indi- 
vidual cases and have no general application ; for neither 
one nor the other of tlie contending parties have any clear 
knowledge of the true causes upon which the power of 
production of this kind is founded. 

In the e2q)eriments made in the year 1857, by order 
of the Qenend Committee of the Bavarian Agricultural 
Union, on the action of phosphorite upon certain fields at 
Schleissheitti deficient in phosphoric acid, the following 
crops of toummer wheat were reaped from two plots of 
ground, one uumanured the other dressed, per liectare 
(= 2^ acres), with 2414 kilogrammes (-» 530 lbs.) of phos- 
phoric acid, 657-4 kilogrammes (=13 cwt) of phosphorite 
decomposed by sulphuric acid :— 



Mannml with 657 kilogrnw. 
of |»hosphate of lime 


1867 


Totftl crop 


Corn 




Cwt. 

KUogr 

6114-7 -1050 
2301'0- 45-0 


Kllogr. Cwt. 

13017-26-6 
644-8-12-6 


Kllogr. Cwt. 

3813-0 = 760 
1666-7 <= 32-6 



From a chemical analysis made by Dr Zoeller, of the 
Munich Laboratory, the soil of this field was found to 
give up to cold hydrochloric add a quantity of phosphoric 

acid, which, calculated per hectare to a depth of 25 
centimetres, amounted to 2376 kilogrammes = 5170 
kilogrammes of phosphate of lime. 

I. a 
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The quantity of phosphoric acid in the eom and straw 
of the crop reaped amounted altogether to : — 

kilogr. lbs. 

FhmiliMinaiiiiMdplot . . 17'5s88'5 of phoepboric acid 
From the nnmanured plot 8;0sl7-6 „ 

Surpliu obtained by manuriisg . 9*5 =20- 9 „ 

In the 657*4 kilogrammes of phosphorite the field 
received altogether 241*4 kilogrammes of phosphoric 

acid ; accordingly, the surplus amounted only to J^th of 
the phosphoric acid su])]ilied in the manure. 

There is nothing surprising in this result, as the addi- 
tional phosphoric acid was not given to the plants but to 
the whole field. Had it been possible to surround each 
root with 80 much phosphoric add or phosphate of lime 
as the burpkis crop of com and straw required for its 
formation, 9^ kilogrammes of phosphoric acid would have 
sufficed to double the produce of the unmanured plot ; 
but in the way in which the manure was actually applied, 
every part of the field received an equal share of 
phosphoric acid. 

Thus, of the total amount of 241*4 kilogi'aninies, only 
9*5 kilogrammes came into contact with the roots of the 
plants^ the remainder, though quite suitable for food, 
remaining inactive. To enable the plant to take up one 
part of phosphoric acid, it was necessary to supply the 
field with five-and-twenty times this quantity. 

On the other hand, the effect of the mimure appears out 
of all proportion greater as compaied with the store of 
phosphoric add in the field. 

The quantity of phosphoric add contained in the com 
and straw reaped from the unmanured plot is ^^^th of 
the total amount of j)hosphoric acid in the field ; that in 
the surplus crop is ^^th of the phosphoric acid supplied 
by the manure. As the manured plot gave double the 



Digitized by 



RATIO OF CBOF TO PH06FH01UC ACID IN SOIL. 140 



produce of the unmanured, the effect of the phosphoric 
add supplied by the manure is appareotlj twelve times 
greater than that of the acid originally contained in the 

soil. 

The quantity of phosphoric acid supplied (241-4 kilo- 
grammes) amounted to i^th of the total quantity in the 
field (2876 kilogrammes). If the action of both had 
been alike, the surplus crop should have corresponded to 

the additional supply, but instead of being -j^jth greater, 
it was double the crop obtained from tlie unmanured plot. 

This fact is explained by the absorptive number of the 
Schleissheim soil for phosphoric add or phosphate of 
Ihne. 

If the store of phosphoric add in the field had been 

uniformly distributed in the form of phosphate of lime 
(5170 kilogrammes) to a depth of 25 centimetres (9*8 
inches), each cubic decimetre (CI cubic inches) would 
contain 2070 milligrammes (32 grains), each cubic centi* 
m^tre about 2 milligrammes of phosphate of Ume. 

The field was manured with 657*4 kilogrammes of 
pliobphonte in a soluble .state, corresponding to 525 
miUion miiligiammes (525 kilogrammes) of pure phosphate 
of lime. 

As detennined by direct experiments, 1 cubic ded- 
m^tre of SdileSssheim soil absorbs 976 milligrammes of 

phosphate of lime. Each square decimetre received in 
the manure 525 milligrammes, which, dissolved by rain 
water in its descent through the soil, would be suffident 
to saturate the earth fiilly, with phosphate of lime, to a 
d^ih of 5*4 centimetres (rather more than 2 inches), or to 
half -saturate it to a depth of 10*8 centimetres. Hence the 
manuring served to enrich the upper layer of tlie soil witli 
phosphate of lime, not to the extent of -nyth, but to 50 per 
cent, and the greater part of this in a state available for 
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the nutrition of plants. The absorptive power of the soil 
ezpkins, therefore, why the crops obtained from manured 
fields are rather in proportion to the nutritive substances 
supplied in the manure, than to the store of these elements 
originally i)reseut in the soil. 

The operation of manuring ugents, severally or jointly 
applied, is even more marked upon soils whicli are poorer 
in nutritive substances than the field at Schleissheim above 
mentioned. 

Thu following results were obtiiined on a field broken 
up for the jnirpuse, which had not been touched by the 
plough for lifteen years, and had served as pasture for 
sheep. The entire surface -layer of the ground at 
Schleissheim is 6 inches deep at most ; below this there is 
no more soil, but a bed of rubble stones, which might be 
compiux'd to a sieve with meshes an inch wide, through 
which the water runs freely ; the crop obtained from the 
unmanuied portion will give some idea of its sterihty. 
Another portion was manured with superphosphate of 
lime ; the quantity used per hectare (=2| acres) was 525 
kilogiauiuies ( = 10 cwt.) of phosphorite decomposed by 
sul J )huric acid, containing 193 kiiogramnies of phos})h()ric 
acid, or 420 kilogrammes (=8 cwt.) of phosphate of lime. 

Crop of winter-rye in 1858 at Bchleissheimy per hec- 
tare: — 



Manured with phosphorite/ 
(rendered solable by sul- j 
phuric acid) —626 3 kilu. | 
( 10 c»t.l contiiining 192-8 ) 
kilo. (3 8 cwt) P O5, cor-[ 
responding to 420 kilo. 
( 8 cwt. ) of pore phosphate 
of lime. ^ 

Unmamired . . . 


Total crop 


Com 


Straw 


Kilo. Cwt. 
1905-4-391*0 

397-6- 7-8 


Kilo. Cwt. 
654-2-128-0 


KUo. Cwt. 

1341-2 - 200-0 

288*6 s> 6-6 
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Dn Zoeiier found by analysis that this field contained^ 
per hectare, to a depth of 6 mchesy only 727 kilogrammes 
(sssl4 cwt) of phosphoric add. 

Tiie ])Iot manured with phosphoric acid produced six 
times more com and five times more straw tlian the un- 
manured plot. It will be observed that, however strik- 
ingly the action of manure was exhibited, this more 
abmidant crop did not equal that in the experiment pre- 
viously mentioned of the unmanured plot kept for a con- 
siderable time under culture. L]>oii comparing the 
amount of phosphoric acid contained in the two fields, 
we find that as Uie she^ pasture, to the depth of 6 inches, 
contained only half as much as the other (tilled but 
unmanured), ^e dressing with superphosphate was only 
just sufficient to make the sheep-nieadow, to the depth of 
8 or 10 centimetres (=3 to 4 inches), equal to the other 
unmanured plot| in respect of the phosphoric acid con- 
tained in it. 

These considerations explain how it is that by the 

absorption of nutritive siibst-iuices in the upper layers of 
the soil a supply of these constituents or maimring ingre- 
dients, small in comparison to the total store iu the 
ground, exercises so remarkable an action in the increase 
of produce, in the case of plants which draw then: food 
chiefly from the upper layers of the arable sur&ce soil: 

If the action of the mineral constituents depends upon 
the sum of efiective particles in certain places in the soil, 
the action rises with the number of particles by which 
the sum has been increased in these very places. 

A more accurate acquaintance with the composition of 
arable suiface soil, and its relation to the nutritive sub- 
sUuices, top:ether with a consideration of the nature and 
requirements of plants, must gradually lead to a compre- 
hension of many other phenomena in agriculture, which 
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hitherto are quite unexplained, and to many farmers aie 
absolute myeteries. Although we know most aocuiately 
the general laws of the growth of plants, as far as these 
Btand in connection with soil, air, «id water, yet in numy 

cases it is extremely difficult to discover the causes that 
render a soil unproductive for one culture-plant, e.g. peas, 
while the same soil is iruitlul for other plants which 
require the same nutritive substances as peas, and often 
in stiU greater quantity. If the ground is ridi enough 
in nutritive substances for these other plants, why is it 
tluit tliey do not act in the same way upon the peas ? 
What causes prevent tlie latter from appropriating the 
nutritive substances, which the ground offers to other 
plants in a perfectly available condition ? finally, how 
comes it that this very soO, after a few years, will again 
yield a remunerative crop of peas, although by inter- 
vening harvests we h;n'e rather impoverished than en- 
riched its store of nutritive substances; and that peas, 
when sown among oats, barley, or summer com, will 
often yield a higher crop than when they grow alone 
upon a field, and have not to share with other plants the 
store of minend constituents ? 

Analogous £a^t8 are observed in the cultivation of 
clover. In many districts, a field, after producing many 
clover crops, will become almost unfiniitful fi>r that plant. 

In such cases, manuring fiuls in restoring to the field 
the power of ])ro(lucing clover ; but after several years, 
during wiiich the same field continues to give remune- 
rative crops of cereal and tuberous plants, the soil again 
becomes for a while fruitful for clover. 

Por a considerable number of our cultivated plants we 
have a pretty accurate knowltnlge of specific manuring 
flGrents, i.e. those whi^^h have a peculiarly lavourable 
iniiuence upon the majority of fields. Farm-yard manure. 
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as a rule, acts beneficially in all cases ; salts of ammoma 
are especially valuable for cereals^ superphoepliate of lime 
for turnips; bone earth and ashes will perceptibly in- 
crease the ] produce of fruitful clover-iields, and, in like 
manner, a supply of lime >vill often make a lieid fruitful 
for clover, though otherwise unable to bear it 

But upon fields which have become, as it is termed, peas 
or dover sick, that is, have lost their power of producing 
these plants, all these matters otherwise fiivourable for 
tlieir giowth exercise beyond a cerUiiii time no ftirther 
beneficial action. It is this fact in particular which 
embairasses the practical fiumer, and makes him doubt 
the lessons taught by science. 

When the fiurmer is compelled to give up for many 
years the cullivation of plants wliich he had louud remu- 
nerative, and science has no power to lielp him over iiis 
difiOlculties, what is the use of theory ? So says the agri- 
culturist who is himself unacquainted with the essence of 
theory. 

It is a common error to fancy that an accurate know- 
ledge of theory will give the power of ex})l;uning all 
cases that occur. Theory of itself does not explain a 
single phenomenon in astronomy, mechanics, physics, or 
chemistiy ; it studies and points out the causes which lie 
at tiie foundation of all phenomena, not the special causes 
upuu which uii iudividual phenomenon depends. 

Theoiy requires that the causes which govern each 
individual case should be sought out one by one, and then 
the explanation is the proof or exposition of the manner 
in which they work together to produce the particular 
fact. It teaches us what to look for, and how to employ 
proper experiments in the discover}^ 

The reason why we have arrived at no conclusions 
about the facts just mentioned, depends chiefly upon this, 
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that hitherto the practical &nD€f has troubled himfielf 
vezy little about the causes of those £eu^ as, indeed, the 
investigation of causes is not his proper buamess ; while 

those who hii\\'. uiulertakeii tliis task show, by the way in 
which they ati ( mpt to discbai*ge it, that they are but little 
acquainted with the plant as an organised being, having 
peculiar requirements which must be accurately known 
by all who would cultivate it properly. 

In the following remarks I shall compare a pea-plant 
with a cereal, and sliall call the attention of agricultur- 
ists to certain peculiarities which have to be considered 
in the cultivation of both plants. 

A moderately moist, strong soil, not too cohesive and 
perfectly free from weeds, is particularly suited for peas 
and barley ; a well-tilled, calcareous loam or marl is the 
best for both plants. An arable surface soil 6 inches 
deep suffices for barley, which, with its fine-matted I'oots 
spreading in tufts, finds a loose subsoil rather injurious 
• than beneficial Fresh manuring just before sowing acte 
powerftilly on the growth of barley. Whilst the bai ley- 
corn should not lie lower than 1 inclu the pea thrives 
best if the seed is put 2 or 3 inches deep in the soiL The 
roots of the pea-plant do not spread sideways but go 
deep into the earth ; hence peas require a deep soil tilled 
down to the lower layers, and a loose subsoil. Fresh 
manure has scarcely any influence upon the growth of 
peas. 

It results from these peculiarities of both plants, that 
the barley derives the conditions of its growth principally 
firom the arable surface soil, the pe a jirincipally fix>m 
the deeper layers of the soil. What the ground may 
contain below the depth of 6 inches is a matter of indif- 
ference for the barley ; the contents of these deeper 
layers are everything to the pea. 
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If we now inquire what demands are made upon the 
soil by the two plants^ we find from Mayer's investiga- 
tions (' Eesults of Agricultural and Chemical Experiments, 

Munich, 1857,' p. 35), that the pea-seeds contain one-third 
more ash constituents (3*5 per cent) than the bariey- 
coms, and that the amount of phosphoric add is pretty 
much the same in both (2-7 per cent). Therefore, all 
other conditions being equal, the subsoil from which the 
pea derives its pliosphoric acid must be as rich in that 
ingredient as the arable surface soil which supplies it to 
the barley. 

The case is different with nitrogen — for the same 
amount of phosphoric add, peas contain nearly twice as 

much nitrogen as barley. Assuming both plants to derive 
their nitrogen from the s^il (wliich is, i)erhaps, not quite 
correct in the case of peas), then for every milligramme 
of nitrogen absorbed by the roots of the barley from the 
arable suriace soil, twice as much must be recdyed by 
the peas from the deeper layers. 

These considerations throw some light, I tliink, ujjon 
the cultivation of peas; for this plant requires a very 
pectdiar condition of the soil ; and it is more easy to con- 
cdve that a ground exhausted by bearing peas should 
refuse to bear any more, than that the same soil, after the 
lapse of some yeai-s, should again become fruitful iur this 
plant. 

According to these considerations, and assuming an 
equality of the absorbent root-sur&oe in both plants, a 
subsoil fruitful for peas must contain as much phosphoric 

acid, and twice as much nitrogen, as an arable suiface soil 
suited for the cultivation of barley. Por the phosphoric 
acid, the assumj)tiou is correct. 

We imderstand, without difficiUty, the beneficial effect 
of manure upon an exhausted barley field. Barl^ derives 
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all the oonditioDfl of healthy growth from the 8Ui&oe soil, 
which is restored to its oiiginal state of productiveiiess 

by the manure applied. 

But from our acquaintance witli tlic properties poniliar 
to arable soil, wc know that a layer 6 tx) 10 inches 
deep will retmn all the ammonia potash and phosphoric 
add contained in the largest quantity of manure usually 
applied by formers ; and this, too, so firmly that, except 
for some accidentally ikvourable circumstances, hardly a 
particle will ever reach the subsoil. 

If a field is sown with plants which require deep 
ploughing, so that a sufficient portion of the rich surface 
is mixed with the exhausted subsoil, it is easy to under- 
stand that the latter may gradually become again finitful 
for peas. The time in which this is efTectecl depends of 
course upon the accidental selectiou of the plants grown 
in succession on the field. 

Li this view of the matter, the agriculturist has it in his 
power, by right management of his field, to shorten the 
time, aud make tlie laud again fit for successive crops of 
peas. 

It is a faci, that many fields in the vicinity of towns 
will bear year after year, or eveiy two years, abundant 
crops of peas, without ever becoming ' pea-sick ;* and we 
know that the gardener, to achieve this result, has re- 
course to no extraordinary appliances, but merely tills his 
land deep and very carefully, using much more manure 
than the fanner can aflford to do. 

The firequ^t failure of peas is therefore not so very 
unaccountable ; and there seems no reason why the far- 
mer should despair of cultivating [>eas as often as serves 
his purpose, if he employ the right means to emich his 
field in the proper spots with the elements of food which 
peas require. 
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In all problems of this kind, the secret of success is, 
not to suppose that the solution is easy, but that it is 
attended unth great difficulties; for, if these did not 
exist, experimental art would long ago have found the 
solution. 

The many unsuccessful experiments of Messrs. Lawcs 
and Gilbert to make a doveivsick field again productive 
for clover, have a certain value, in as &r as they show 
that mere experimenting leads to nothing. If I here 

bestow upon llicso experiments an attention which they 
do not deserve, my object is, not to submit them to a 
passing criticism, but to warn the practical man how he 
ought not to proceed in tzyiog to solve his problems, ii 
be wishes that his efforts should meet with success. The 
conclusions which Messrs. Lawes and Gilbert have drawn 
from their numerous experiments are as follows : — 

They found that when land is not yet clover-sick, the * 
crop may frequently be increased by manuring with salts 
of potash and superphosphate of lime ; ihat when, on 
the contrary, the land is clover-sick, none of the ordinary 
manures, wliether ' artificial' or ' natural,' can be relied 
upon to secure a crop ; and tliat the only way is to wait 
some years before repeating red clover on the same land. 

It is hardly necessary to remark, that what Messrs. 
'Lawes and Gilbert are here pleased to call conclusions, 
are no conclusions at all; what they have discovered 
has been experienced by thousands of agriculturists 
before them ; and the only conclusion which they were 
permitted to draw should have been this — that in their 
attempts, by certain manures, to make a clover-sick field 
again productive for clover, they fidled. In truth, they 
have not striven, lu the remotest degree, to procure infor- 
mation about the causes of clover-sickness in a field, but 
they have simply tried diflereut manures, in the hope of 
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iindiug out one that might serve to restore the origiiial 
productive power of the field, and such a manure they 
have not found. 
Messrs. Lawes and Gilbert assume that, with respect to 

the soil, the elover plant beai'a the same relation as wheat 
or barley; and finding that on a field (whereon, notwith- 
standing the richest manure, clover had failed) an abun- 
dant barley or wheat crop was obtained the year after, it 
became a settled conviction with them that the failure of the 
clover had been caused by a specific disease lieiierated in 
the soil by the cultivation uf clover ; this disjease would 
attack the clover plant, but not the roots of wheat or 
barley. 

Clover differs entirely fix)m the cereal plants in this 
respect, that it sends its main roots perpendicularly down- 
wards, when no obstacles stand in the way, to a 
depth which the fine fibrous roots of wheat and barley 
&il to reach; the principal roots of clover (as may be 
seen more especially with TrifoUum ' praknae) branch off 
into creeping shoots, which again send forth fresh roots 
do\Miwards. 

Thus clover, like the pea plant, derives its ])rincipalfood 
fi'om the layers below Uie arable surface soil ; and the 
difference between the two consists mainly in this — that 
the clover, from its larger and more extensive root-sur-* 
face, can still find a sufficiency of food in fields where 
peas will no longer thrive : the natural consequence is, 
that the subsoil is left proportionably much poorer by 
clover than by the pea. 

Clover-eeed, on account of its small size, can furnish 
from its own mass but few formative elements for the 
young plant, and requires a rich arable surface for its 
developement ; but the plant takes comparatively little 
food from the siuiace soil. When the roots have pierced 
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through this, the upper parts are soon covered with a 
corky coating, and only the fine root-fibres lamifyiDg 
through the subsoil convey food to the plant 

Now, if we look at the experiments made by Messrs. 
Lawes and Gilbert to render a clover-sick field pro- 
ductive again for clover, we see, at once, that all the 
means employed were well adapted to enrich the upper- 
most layers of their field with nutritive substances for 
wheat and barley ; but that the dover plant could derive 
beiieiit from this manuring only in tlic first. stage of 
developeniout, wliile the condition of the lower layers 
remained unaltered, just as if the field had received 
no nutriment of any kind. 

The manures applied by Hessrs. Lawes and Gilbert 
were superphosphate of lime (300 lbs. of bone-earth and 
225 lbs. of suJpLuiic acid per acre); sulphate of i^otash 
(500 lbs.); sulphate of potash and superjjhosphate, mixed 
alkahne salts (500 lbs. of sulphate of potash, 226 lbs. 
of sulphate of soda, 100 lbs. of sulphate of magnesia) ; 
mixed alkalis with supei phosphate ; further, salts of 
aniniouia alone, and the same suits Avith superphosplKitc 
or niixT'd alkahs : farm-yard manure (15 tons), together 
witli hme, or with lime and superphosphatey or with lime 
and alkalis in the most varied proportions ; then soot ; 
soot with lime ; soot with lime, alkalis, and superphos- 
phate. None of these manures bad the slightest effect; 
the clovor-sick field continued just as mipiuductive for 
clover as before. 

The reason why these manures were inoperative is 
not difficidt to find. Messrs. Lawes and Gilbcal;^ in their 
report, leave us, indeed, in the dark as to the nature 
and condition of the yoil upon wliicli tlieir experiments 
were made ; but from some incidentiil observations in 
previous papers, we know that the fields at Jiothamstead 
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eondst of a rather heavy loam, very well suited for 
cereals, and especially for barley. 
Prom experiments upon the absorptive power of loam, 

we may assume, without risk of error, that one cubic 
decimetre ( = 61 cubic inches of loam) will absorb 2000 
milligrammes (—81 grains of potash), and 1000 miUi- 
grammes (=15'6 of phosphate of lime). 

The surface of an acre of loam (»405,000 square 
decimetres) will therefore absorb to a depth of 1 deci- 
metre ( = 4 inches) 805 kilogrammes (=1,771 lbs.) of 
potash, and 405 kilogi^ammes (=891 lbs.) of phosphate 
of lime. 

The most copious dressing with sulphate of potash 
which Messrs. Lawes and GObert gave to thdr field 

amounted to 500 lbs. (=270 lbs.) of potash; the most 
copious of the superphosphate dressings represented 
300 pounds of phosphate of lime. 

Had Messrs. Lawes and Gilbert put upon the field the 
sulphate of potash and the phosphate of lime in a state 
of complete solution, the whole quantity of potash em- 
ployed would have penetrated no deeper than 2 centi- 
metres, or not quite an inch, and the phosphate of Hme 
no deeper than 4 centimetres^ or a little more than 1*6 
inch. Both manures, however, were strewed over the 
field and ploughed in ; still it cannot be assumed that the 
layers below a depth of 8 inches could have received 
any considerable quantity of potash or phosphate of lime. 

At page 10 of their paper (* lieport of experiments on 
the growth of red clover by different manures') Messrs. 
Lawes and Gflbert say, * Those who have paid attention 
to the spread of disease in clover, on land which is said 
to be clover-sick, will have observed, that however luxu- 
riant the plant may be in tlie autumn and winter, it will 
show signs of failure in March or ApriL' The same fact 
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was observed in all their experiments. A field on Avhich 
eloper had £Eiiled was sown with barley, and when this 
had yielded a rich crop, another attempt was made with 

clover. 

* Tlie plants (say Messrs. Lawea and Gilbert) stood 
tolerably well dia*ing the winter, but as the spring 
advanced they died off rapidly.* There cannot be the 
slightest doubt about the reason of this decay; the ex- 
hausted subsoil had not received back any of the lost 
conditions of fertility, and thus the plants were starved 
as soon as they had pushed through the arable surface 
soil, and their roots were beginning to spread in the subsoil 

If the failure of the dover was attributable to a 
disease, this must have been of a very singular nature, 
as the richly-iiiunured arable soil showed no traces of 
it, and it was only the subsoil which wiis clovur-sick. 
The notion that there is any disease engendered by the 
cultivation of clover is refuted most completely, though 
unconsciously, by Messrs. Lawes and Gilbert themselves. 
They say, page 17, 'Before we enter upon the probable 
causea of the failure in clover, it may be well to give the 
results of some experiments conducted in the kitchen- 
garden at Bothamstead. The soil was in ordinary garden 
cultivation, and has probably been so for two or three 
centuries. Early in 1854, the j^th of an acre (about 
9| square yards) was measured oil" and sown with red 
clover on March 29. From that time to the end of 1859 
fourteen cuttings have been taken witliout any resowing 
of seed. In 1856 this little plot was divided into three 
equal portions, of which one was manured with g}'psum, 
another with sulphates of potash, soda, and nulglR•^ia, aud 
super phosphate of Ume.' 

* The estimated total amount of green clover obtained - 
from this garden soil in mx years, without further manure, 

H 
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IB about 126 tons per acre, equal to about 20.^ tons of 
hay. In four years the increase by the use of gypsum 
amounted to 15^ tons of green clover* The increase in 
the four years by the use of the alkalis and phosphate is 

estimated to amount to 28^ torn of gram produce.' 

It is worthy ot remark,' contiiiues the report, ' that 
it was in some of the very same seasons in which these 
heavy crops of clover were obtained from the garden 
soil, that we entirely failed to get anything like a mode- 
rate crop of clover in the oxperiiiieatul Held, only u few 
huiulrc'd yards distant.' 

It is, indeed, most worthy of remark, that upon the ex- 
perimental held the earth was poisoned by the vegetation 
of the clover, so as to render it incapable of further bear- 
ing this plant ; while, at the very same time, under like 
( liiiiatic conditions, the self-same clover-plaut engendered 
no poison in the rich garden soil. 

A comparative examination of the garden and of the 
field-soil seems never to have been thought of, since the 
two agricultural chemists were, as we before remarked, 
in search of an efficiuut mam ire, not of the cause of the 
liiilure of the plant. But tlioiigli they have not found 
the smallest shred of a fact which might serve in any way 
to eicplain the strange behaviour of the clover-plant upon 
the two fields, they do not hesitate to present the former 
with the following ingenious explanation : — 

' Among plant^j,' say they, ' there are certain kinds 
which are peculiarly circumstanced with respect to the 
nature of their food; the cereals, among others, feed 
principally upon inorganic matters, whilst others, the legu- 
minous plants, e.g. clover, are dependent for luxuriant 
growth, more or less, upon a supply wiLliLu liiu soil of 
complex organic compounds.' 

Taking their stand upon the foct that they have failed 
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to disoover any explanation, which, in their opinion, they 
sorely must have done, had it been possible to find 
one, they coolly ask vm to believe that there are, among 

the higher classes of ])]uuts, certain species bearing about 
the same relation to other species as the carnivorous to 
the graminivorous animals ; and as the former feed upon 
complex oiganic compounds prepared in the bodies of 
the latter, so it is, also, with the clover plant ; like mush- 
rooms, it represents the carnivorous order iii tiie vege- 
table kingdom. 

It is hardly worth while to take any notice of this ex- 
planation; but it might still prove useful to inquire 
whether, apart from all consideration of the absot [)tive 
power of the soil, Messrs. Lawes and Gilbert have really 
exhausted all the means that might have been cniployofl 
to restore the productiveness of the clover-sick tieid lor 
clover, so as to be justified in giving it as their opinion 
that when land is dover-sick, none of the ordinary 
manures, artificial or natural, can be relied upon to eecure 
a crop. 

We may ask why Messrs. Lawes and Gilbert did not^ 
instead of superphosphate of hmc, ti y l:>one ash, the action 
of which extends much deeper than that of the super- 
phosphate; and why sulphate of potash and sulphates 
alone were employed ? It is not impossible that common 
wood ashes might have proved more effective than sul- 
phate of potash ; and, above idl, chloride of potassium 
ought to have been tried, which, as an ingredient of liquid 
manure, is more useiul to clover than any other of the 
potash salts. It is also difficult to understand why liquid 
manure was not employed, and why chloride of sodium 
was excluded from the list of mamirintif aicenUs. If we 
consider what Messrs. Lawes and Gilbert omitted to do in 
their endeavour to solve the problem, and what they 

M 8 
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ought to have done, the coadusion is inevitable, that they 
had no accurate notion of the nature of their task. 

Now, the want of a proper insight into the nature of a 
phenomenon whidi is to be investigated is surely the 

greatest of all difficulties in the way of iittaiiiing a ])ractical 
result. If the uii[)ruductiveness of a field for clover and 
peas depends upon a want of nitrogenous food in the 
deeper layers of the soil, and upon no other cause^ the 
absorptive power of the various soils for ammonia renders 
it extremely difficult to enrich the subsoil with this ele- 
ment of food. But the case is quite diflbrent with the 
nitrates, which penetrate to any depth, as the nitric acid 
is not absorbed by the soil ; probably, nitrate of soda may 
afford a means of making a field productive for clover or 
peas, in cases where there is a deficiency of nitrogenous 
food. 

As manuring with burnt lime is often found beneficial 
for clover and also for peas, and a calcareous soil tends, 
in a special degree, to promote the formation of nitric 
add, it is not improbable that it is owing to this property 
that lime promotes the gro^vth of deep-rooting plants by 
converting amnionia into nitric acid, and causincr nitro- 
genous food to ilnd its way to the deeper layers of the 
soil. 



Digitized by 



16tf 



CHAPTER IV. 

FARM-YAED MANURE. 

The fertility of ft aoil depcad^ upoa the tarn of availabte food, the oontana- 
ance of tiie fertility upon fhe total amoimt of ell food in it — Chemical 
and agricultural exhaustion of the soil — Exhaustion of the soil hy culti- 
vation, laws regulating its progression; effect nf the tnin.-ilonuatinn in 
the soil of the chemically fixed into physically fixed elements of food ; 
efRict on the progrea* of ezfaaiution by partial reototatiom of the with- 
drawn food of pUnita — Pkogteis of the exhanation by different cnltivatcd 
plants — Cultivation of cereals, consequence of removing the grain and 
leavinj^ the straw in the »oil ; intcnening clover and potato crops; 
effect of leaving in the ground the whole or a portion of these crops ; 
diTiaion of soila ; productive power of wheat flelda increaaed by accumu- 
Iftting in them tiie w>*tow«.i* draived from clover and potato fields : enl- 
tivation of fodder planta ; their food partiy derived from the subsoil ; 
addition of thps*^ incrf^asoa the productive power of the snrfnro soil — 
Natural connection between the cultivation of cereals and fodder plants, 
the influence on the fortililj of land — Exhaustion of the aoil removed 
hf the reetoratioii of the withdrawn mineral oooetitaents ; the excrement 
of men ami animals ooDtaina these; th«r restozation depends iqkm the 
agxicultuziflL 

[l\0 form a correct idea of the effects produced by farm- 
X yard manure in husbandry, it must be remembered 
that the fertility of a soil is always exactly proportionate 
to the amount which it contains of nutritive substances in 

a state of physiciil combination ; and that the permanence 
of its lertihty or its productive power stands in proportion 
to the total quantity of the constituents in the soil capable 
of passing over into that physical condition. 

The amount of crop reaped j&om a field in a given 
time is pi\i|)ortionate to tluit fraction of the total con- 
stituents wluch has passed duimg this time from the 
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ground into the plants grown upon it. If one of two 
fields yields twice as large a crop of wheat and straw as 
the other, this necessarily presupposes that the wheatr 

plants upon the one liukl have received from tlie ground 
twice iiii much nutriment a^i those upon the other. 

If the same or difierent plants are cultivated in succes- 
sion on a field, the crops will gradually decrease^ and the 
soil will be termed *' exhausted/ in an agricultural sense, 
when the crops cease to be remunerative, i. e. do not cover 
the expense of labour, interest of muney, c^c. As the 
high crops were caused by the s<.)il giving to the plant a 
certain number of parts from the total nutritive substances, 
just so the exhaustion of the field proceeds firom a diminu- 
tion in the sum of those nutritive substances. 

The sfime number of plants cannot thrive upon the 
bame held as formerly, if the same quantity oi nutritive 
substances enjoyed by the previous crop is no longer to be 
found The exhaustion of a cultivated field in a chemical 
sense differs from the agricultural use of the term in this, 
that the former refers to the total amount of nutritive 
substances in the soil, the latter to that jxH lion only of 
the total amount which the ground can furnish to plants. 
A field is termed exhausted in a chemical sense when it 
altogether fails to produce any more crops. 

Of two fields, one of which contains, to the same depth, 
a liiin(h'cd times, the otlier ordy thirty times, the amount 
of food required by a full wheat crop, the former furnishes 
to the roots of the plants more nutriment than the latter 
in the proportion of 10 : S, supposing the condition and 
mixture of the soil to be the -»ame in botli cases. If the 
roots of a plant receive from certain sputs of tlie one Held 
10 parts by weight of nutriment, the roots of the same 
plant will find upon the other field only 3 such parts 
available for absorption. 
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An aveiBge wheat crop of 2000 kilogrammes (»39 
cwts.) of grain, and 5000 kilogrammes («98 cwts.) of 

straw, receives from a beclaie (=2^ acres) of ground 250 
kilogrammes (=5 cwts.) of ash constituents, on an average. 
Now, upon the supposition that a field, to give an average 
crop, must contain 100 times that quantity (or 25,000 
kilogrammes) of ash constituents in a perfectly available 
state, it follows that such a field gives 1 per cent, of its 
total store to the fin?t crop. 

The soil will still continue productive for new wheat 
crops in the following years ; but the amount of produce 
will gradually decrease. 

If the soil is post carefully mixed^ the wheat plants 
will, in the next year, find everyw here upon the same 
field 1 per cent, less nutriment, and the produce in com 
and straw must be smaller in the same proportion. If 
the chmatic conditions, the temperature, and the &11 of 
rain remain the same, there will be reaped from the field 
in the second year only 1980 kilogrammes of irrain, and 
4950 kiiogrannnes of straw ; and in each succeeding year 
the crop must fall ofi* in a fixed ratio. 

If the wheat crop in the first year took away 250 kilo- 
grammes of ash-constituents, and the soil contained per 
hectare to the depth of 12 inches one hundred times that 
quantity (25,000 kiloLrranimes), there wonld remain in 
the ground at the end of the thirtieth year of cultivation 
18,492 kilogrammes of nutritlYe substances. 

Whatever variatioiis in the amount of produce may 
have been caused by climatic conditions during the inter- 
vening years, it is evident that in tlie thirty-first year, if 
there has been no restoration of mineral matters, the 
field will produce, even imder the most favomable cir- 
cumstances, only ^^=0*74, or somewhat less than three- 
fourths of an average crop. 
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If these three-fourths of an average crop do not give 
the farmer a sufficient excess of income over expenditure, 

if they barely cover his outlay, the crop can no longer be 
called remunerative. He calls his field ' exhausted ' for 
the cultivation of wheat, although it contains seventy-four 
times the quantity of nutritive substances required by an 
average crop for the year. Owing to the presence of the 
aitire sum of nutritive substances, in the first year of cul- 
tivation each loot found, in the parta of the Foil in 
contact with it, the requisite amount oi mineral food for 
its complete developement ; but, owing to the continuous 
crops, only three-fourths of this quantity is foimd in the 
thirty-first year in the same portions of the soil. 

An average crop of rye (1000 kilogrammes (=31 ?j 
cwts.) of gniiii, and 3S0U kilogrammes (=74| cwts.) of 
straw) takes away from the ground per hectare only IbU 
kilogrammes (=3j^ cwt.) of ash-constituents. 

If the production of an average wheat crop requires 
the presence in the soil of 25,000 kilogrammes of the 
ash-constituents of wheat plants, a soil with only 18,000 
kilogrammeji of such constituents will prove sufficiently 
rich to give an average and a succession of remunerative 
crops of rye. 

By our reckoning, a field, though exhausted for the 

cultivation of Avlieat, still contains 18,402 kilogrammes of 
mineral constituenti>, the siuue in properties as those 
which the rye plant requires. 

If it is asked after how many years continuous rye- 
cultivation the average crop wiU sink down to a three* 
quarter crop, a,ssuming this to be no longer remunerative, 
we find that the field will produce 28 reniuneratix e rv'e- 
ciops,aud after 28 years will be exhausted for its cultivation. 

The nutritive substances yet remaining in the soil will 
still amount to 18^869 kilogrammes of ash-constituents. 
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A field on which rye can no longer be cultivated with 
profit is not on that account uniruitful for oats. 

All average crop uf oats (2000 kilotrranime^i (=39 
cwts.) of grain, and 3000 kilogrammes (=59 cwts.) of 
straw) takes from the soil 310 kilogrammes (=6 cwts.) 
of ash-oonstituentSy being 60 kilogrammes (»1*2 cwt.) 
• more than is removed by a wheat crop, and 130 kilo- 
grammes ( = 2.^ cwtij.) more tlian by a rye crop. It the 
absorbent root-Mirface of tlie oat plant were the same as 
that of rye, oats after rye would not yield a remunerative 
harvest; for a soil supplying, for the production of a 
crop of oats, 310 kilogrammes out of a stock of 13,869 
kilogrammes, loses thereby 2-23 per cent of its store of 
mineral constituents, wJiereas the roots of rye extinct 
only 1 per cent. 

To produce a remunerative crop of oats after rye is 
only possible when the root-surfece of the oat plant 
exceeds that of the rye in the proportion of 2*23 to 1. 

Oat crops will iherefore exluiust the soil the most 
speedily ; after 12| years the harvest will smk to three- 
fourths of the original amount. 

None of the causes tending to fiiTniniali or increase the 
crops have any influence on this law of exhaustion of the 
soil by cultivation. Whenever the stock of nutriment has 
been lowered to a certain \Hnni, the grouiul eeases to be 
productive, in an agricultuial seuse, for cultivated plants. 

For every cultivated plant such a law exists. This 
state of exhaustion will inevitably take place, even though 
only a single one of the various mineral constituents 
requiivd for the uutritioii of tlie ])lants lias lieen with- 
drawn from the soil by a succes:5iou of erops ; lor the one 
constituent ^vliich fails or is deficient renders all the rest 
ineffective. With each crop, each plant, or portion of a 
plant, taken away firom a field, the soil loses part of the 
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conditions of its fertility, that is, after a course of years of 
cultivation it loses the i^ower of again producing this crop, 
plant, or part of a plant. A thousand grains of corn rcquii'C 
from the soil a thousand times as mueh phosphoric acid as 
one grain ; and a thousand straw^i demand a thousand times 
as much ailidc acid as one straw. When, therefore, the 
soil is deficient in the thousandth part of phosphoric or 
silicic add, the thousandth grain or the thousandth straw 
will not be iormed. If a siiigle stalk of com is taken 
away from a field, the consequence is that the field no 
longer produces one straw in its room. 

Hence it follows that a hectare of ground, contaimng 
25,000 kilogrammes of the ash-constituents of wheat, 
uniformly distributed, and presented to the roots of the 
pinnts in a perfectly available conditiiiTi, can, up to a 
certain point, continue to give in succession remunerative 
crops of various cereal plants, without receiving any 
restoration of the mineral constituents taken away in the 
corn and straw, provided that the uniform mixture of the 
soil be niuiutained by careful ploucrliing and other suit- 
able uieans. The succession of crops is determined by 
this principle, that the second plant must always take 
away from the soil less than the first, or possess a greater 
number of roots, or generally a larger absorbent root^ 
surface. After the average crop of tlie first year, the 
crops would L'o on yearly diminishing. 

The larmer, to whom uniform average har^ ests are tlie 
exception, and an alternation of good and bad crops 
dependent upon change of weather is the rule, would 
hardly notice this constant diminution, even supposing his 
field to be actually in that favourable cliciiiical and 
physiciil coutlitiou which would enable him to cultivate 
wheat, rye, and oats for seventy years in succession, 
without restoring any of the mineral constituents removed 
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from {bie soil Good crops approaching tjie average in 
fevourable years, would alternate with deficient crops in 

bad seasons ; but the proportion of unfavourublc to 
favourable returns would go on increasing. 

Most of the land under cultivation in Europe is not in 
the physical condition assumed in the case of the field 
which we have been considering. 

In most fields the phosphoric acid required by the 
plants is not all dii>tributed in an effe(^ivc condition, and 
accessible to the roots ; a part of it is merely disseminated 
through the soil in the form of small granules of apatite 
(phosphate of hme) ; and even where the soil contains 
altogether a quantity more than sufficient, yet in some 
parts of it lliere is much more and in others less than the 
plants require. 

If we suppose our field to contain 25,000 kilogrammes 
of the ash->constituents of wheat equally distributed 
through the soil, and five, ten, or more thousand pounds 
of the same constituents, unequally distributed, the phos- 
phoric acid as apatite, the silicic acid and potash as 
decomposable silicates ; and, further, if eveiy two years a 
certain quantity of this second portion of food elements 
becomes, in the manner stated, soluble and distributable, 
so that the roots of plants in all parts of the arable 
soil could find as much of these nutritive substances 
as in the preceding years of cultivation — sufiicient, there- 
fore, for an average crop ; we should, in that case, be able 
to obtain fuU average crops for a number of years by 
always lettmg a year of fallow intervene after a year of 
cultivation. Instead of thirty progressively decreasiiiir 
crops, we should in that ca«e reap thirty full average cix)ps 
in sixty years, if the excess of mineral matter in the soil 
were sufficiently large to replace everywhere the phos- 
phoric add, silicic add, and potash taken away in each 
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year of crops. After the exhaustion of this excess of 
mineral matter, the period of diminishing crops would 

commence for our field, and the interposition of thllow 
years would, after this, no Ionizer exercise the least influ- 
ence ou the production of larger crops. 

If the excess of phosphoric acid, silicic acid, and 
potash, which we have assumed in the case under consi- 
deration, were not unequally but uniformly distributed, 
and everywliere perfectly accessible and available to the 
roots of the plants, our lield \vould be able to yield 
thirty full average crops in thirty successive years, with- 
out the intervention of a season of fallow. 

Let us return to our field, which we have assumed to 
coiit<dn 25,000 kiloLrrammes of tlie ash-constituents of 
wheat, equally distributed through the soil, aud in a suit- 
able state for absorption by the roots. Suppose we were 
to cultivate wheat upon it year after year, but instead of 
removing the entire crop we were merely to cut off the 
ears, lo;i\'in:^ the slmw on tlu ground nnd innnudiatuly 
ploughing it in ; the lo«4s sustained by tlir field would, in 
this case, be less than before, Oi? all the constituents of the 
straw and the leaves would be left in the field, the mine- 
ral constituents of the grain alone having been removed. 

The straw and leaves contain, among their constituent 
elements, the same nancral sul)stances as the grain, only 
in difiereut proportions. If the total quantity of phos- 
phoric acid conveyed away in the straw and com be 
designated by the numiber 3, the loss will be only 2, if 
the straw is left in the ground. The decrease of produce 
from the lield, in the following year, is always in ])r(»por- 
tion to the loss of mineral substances occasioned by tlie 
preceding crop. The next produce of grain will be a 
little larger than it would have been had the straw not 
been left in the ground ; the produce of straw will be 



Digitized by 



BETA&DATION OF TU£ FJSBIOD OF fiXHAUSTION. 173 

nearly the same as in the preceding year, because the 
conditions for the formation of straw have been but 
* slightly altered. 

Thus then, by taking away from tlie ground less tlmu 
formerly, we increase the number of remunerative ci'ops, 
or the sum total of grain produced in the whole series of 
com harvests. Some of the straw-constituents are con* 
verted into com-constituente, and are now removed from 
the field in the latter form. The period of final ex- 
haustion, thouf^h sure to come in the end, will, under 
these circumstauces, occur later. The conditions for the 
production of grain go on contmually decreasing, because 
the substances removed in the com are not replaced. 

It would make no difierence in this respect, if the 
straw were cut and carted about ihe field, or used as 
litter for cattle, and then plouirhed in ; the supply thus 
bestowed upon the field, having been oiigioally taken 
from the field, cannot enrich it 

CSonddering that the combustible elements of the 
straw are not supplied by the soil, it is dear that in 
]ea\ ing the straw in the ground we leave notliing more 
than the ash-constituents of the straw. The field re- 
mained somewhat more firuitfiil than before, because a 
little less had been taken away. 

If the com or its ash-consfituents were ploughed 
in with the straw, or if, instead of it, a correspond- 
ing quantity of some other seed containing the 
same ash-constituents as wheat, e. g. ground rape-cake, 
that is, rape-seed freed from the fatly oil, were given 
in proper proportion to the ground, its composition 
would remain the same as before : the next year's crop 
would equal that of the prcK'eding year. If after eveiy 
. harvest the straw is always in this manuer returned to 
the field, the further consequence will be an inequality in 
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tlu> eompoaition of the efcctive constitueiits in the arable 
soiL 

We have supposed our field to contain the ash-con- 
stituents of the entire wheat plant in proper proportion 
for the foi Illation of f*traw, leaves, and ^n ain. Bylea\'ini? 
the straw-constituents in tlie ground, while continually 
removing the grain-constituents, the former will accu- 
mulate and grow out of due proportion to the remainder 
of the grain-constituents still contained in the field. The 
field retains itii iV'rtility for htiuw, but the conditions re- 
quired for the production of grain are diminished. 

The consequence of tliis disproportion is an unequal 
developement of the ^tire plant As long as the soil 
contained and supplied the right proportion of ash con- 
stituents needful for the uniform growth of aU parts of the 
plant, so long tlu' quaiiiy of the seed and the ratio between 
straw and corn in the dimiuisliiug crops remained con- 
stant and unaltered. But, in proportion as the conditions 
for the production of leaves and straw became more 
&vourable, the quality of the grain deteriorated with its 
decreasing (juaiitity. The distinctive mark of this in- 
equality in the soil, resuUing from cultivation, is a decrease 
, in the weight of the bushel of com reaped from the field. 
At first a certain quantity of the constituents restored to 
the soil in the straw (phosphoric acid, potash, magnesia), 
was expended in the formation of grain ; but afterwards 
the case is reversed, antl the grain-constituents (phosphoric 
acid, potash, magnesia) are drawn upon for the production 
of straw. The condition of a field is conceivable where 
by reason of inequality in the relative conditions for pro- 
ducing straw and grain, under temperature and moisture 
favourable for the formation of leaves, a cereal plant 
may j-ield an enormous crop of stmw, with empty ears. 

The farmer, in cultivating his plants, can act upon the 
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direction of the v('tretati \ lurce only tlirouLrli tlio soil, i.e. 
by supplying his lieici with nutritive substances, in the right 
proportions. For the production of the largest crop of 
grain, the soil must contain a preponderating quantity of 
the nutritive substances necessary for the formation of 
seed. For leiify ])lants, turnips, uud tuberous plants, the 
proportion is rcvei-SL'd. 

It is therefore evident, that if on our field containing 
25,000 kilogrammes of the ash-constituents of the wheat- 
plant, we cultivate potatoes and clover, and take away 
from tlie field tlic entire ci'op of tubers and clover, we 
remove from the groinid, in these two ])i"oducts, as much 
phosphoric acid aud three times as much potash as in 
three wheat cropa It is certain that the abstraction of 
these important mmeral constituents from the ground, by 
the cultivation of another plant, must greatly affect tlic 
fertihty of the soil lor wheat ; the crops of wheat dimimsh 
in amount and in number. 

But if, instead of this, we were to cultivate on our 
field alternately, wheat one year, potatoes the next, 
leaving the entire potato crop, tubers included, and the 
"wheal >li aw on tlie ground to be ploughed in, and if this 
alternation of crops were continued foi' sixty years, the 
crop of com which the field was originally capable of 
yielding would not in the slightest d^^ree be altered or 
increased. The field would gain nothing by the culti- 
vation of potatoes ; and would lose nothing, because the 
whole erup was left in the soil. When by talving corn 
crops from the Held, the store of mineral constituents had 
been reduced to three-fourths of the original quantity, the 
field would cease to funush remunerative crops, su[)posing 
that three-fomths of an average harvest leave no margm 
of profit for the farmer. The same results would follow, 
if instead of potatoes we interpose clover, and constantly 



Digitized by Google 



176 



FAfiM-TARD MANUBE. 



plouglied it in. \\\' liiive assumed liic field to be in the 
best physical couditiou, which therefore could not be 
improved by the incorporation of the organic substances of 
the clover and the potatoes. Even if we were to take the 
potatoes from the field, to mow down and dry the dover, 
giving both to cattle in the farm-yard or making any 
other u?o of them, and then U) briiiLT nil l):u k to the field and 
plough them in, so as to restore to the soil all the mineral 
constituents contained in both crops, yet by all these 
operations the field would not produce, in thirty, sixty, or 
seventy years, a single grain of com more than with- 
out this ahcrniition. The conditions required for the 
production of grain are not improved in the field during 
the whole of this period, and the causes of decrease in the 
crops remain the same. 

The ploughing in of tihe potatoes and the clover could 
have a beneficial effect upon those fields only which have 
an inferior physical condition, or in which the mineral 
constituents are unequally distributed, or are partudly 
inaccessible to the roots of plants. But this efiect is 
like that of green manuring, or of one or more years of 
&]low. 

By the incorporation of the clover and the organic con- 
stituents with the soil, its store of decaying substances 
and nitrogen increased year by year. All that these 
plants received from the atmosphere remained in the 
ground; but the increase of these otherwise so useful 
substances cannot make the soil produce a larger amount 
of grain than before ; since the production of grain depends 
upon the right proportion of ash-constituents in the soU, 
and these, bo fsuc from being increased, have been gradually 
reduced by the removal of the com crops. The aug- 
mentation of nitrogen and of decaying organic substances in 
the soil might possibly lead to an increase of produce foi 
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a number of years ; but the peiiod when this field vaM 
cease to give remuaerative crops will in that case come 
all the aooner. 

If we take three wheat fields, and cultivate wheat upon 
the one, potatoes and clover npon the other two; and 
i^uppose we remove the corn aiuue from the wheat field 
and heap upon it and plough in all the crop of clover 
and all the potato tubers, then the wheat field will be 
more fertile than before, for it has been enriched by all 
ihe mineral constitaents which the two other fields had fur- 
nished to the potatoes and the clover. It has received three 
times as much pliosjihoric acid and twenty times as much 
potash as was contained in the com crop it produced. 

This wheat field will now be able to produce three full 
com crops in three successive years, because the con- 
ditions for the formation of straw have remained unaltered, 
while tliose for the production of grain have been m 
creased three-fold If the farmer by this metliod raises 
as much com in three years as he could obtain from the 
same fields in five years without the addition and co- 
operation of the constituents contained in the dover and 
the potatoes, it is clear that his profit has been greater, 
since witli three seed-corns he has obtiiined as good a 
harvest as in the other case witli five. Jiut what the 
wheat field has gained in fertility, the other two fields 
have lost; and the final result is, that at less cost of 
cultivation, and with more profit than before, his three 
fields are brought to the period of exhaustion, which 
inevitably results from tlie continued removal of the 
mineral constituents in the crops of com. 

The last case which we have to consider is when the 
&rmer, instead of growing potatoes and clover, cultivates 
turnips and lucerne, which by their long penetrating 
roots extract a great quantity of mineral constituents 
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from the subsoil, to which the roots of the ccreaLs very 
seldom peiii trate. When the fields have a pubpoil favour- 
able to tlie growth of these plants, it is as though the 
arable surface soil were doubled. If the roots of these 
plants receive die half of their mineral nutriment fix>m the 
mibsoil, and the other half from the arable surface soil, 
the latter will lost- by these crops only half as much as 
they would, if all tlie mineral cuustitueuts had been drawn 
bv them from the surface. 

Thus the subsoil, considered as a field apart from 
the arable soil, gives to turnips and luoeme a certain 
quantity of mineral constituents. Now, if the Avhole of 
the turnip and lucerne crops were ploughed in durinir the 
autumn in a wheat field which had yielded an average 
crop of wheat, so that the field should receive back 
more ih&n it had lost in the com, it is dear that this 
field might be maintained in an equable state of fertility, 
at the ex])en:ie of the subsoil, just so long as tlie latter 
remained productive for turnips and lucerne. 

As, however, turnips and lucerne require for tlieir de- 
velopement a very great quantity of mineral constituents, 
the subsoil is so much the sooner exhausted, when it con- 
tains fewer of such constituents. Now as it is not actually 
severed from the arable surface*, but lies underneath, it 
can scarcely regain any of all the constituents wliich it 
has lost, because the surface soil intercepts and retains the 
portion supplied. Only that part of the potash, ammonia, 
phosphoric acid, and silicic acid, which is not taken up 
and fixed by the sui taee soil, aui reach the subsoil. 

It is therefore posi-ible, by the cultivation of tlu^se deep- 
rooting plants, to gain an abundant supply of nutritive 
substances for ail plants drawing theur nutriment chiefiy 
from the arable soil; but this supply is not lasting, 
and in a comparatively short tune many fields will cease 
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to bear crops, because the subsoil is exhausted, and its 

fertility is not easily restored. 

If a farmer grows ui)oii three lields, potatoes, corn, and 
vetc hes or clover, alternately, or if he cultivates one field 
with potatoes, com, and vetches successively, selling the 
crops, and going on in the same way for many years, 
without manuring, any one can foresee the end of such 
husbaiidr}', because such a system camiot possibly last. 
No matter wliat plauLii may be selected, what variety of 
cereals, tuberous or other plants, or in what rotation, the 
field will at length be reduced to such a state that the 
cereals will yield no more than the seed sown, the 
potatoes will give no tubers, and the vetches or clover 
will die away after barely appearing above ground. 

From these facts it follows indisputably, that there is no 
plant which spares the ground, and none which enriches 
it. The practical fanner is taught by innumerable instances 
that the success of a second crop depends upon the pre- 
vious one, and that it is by no means a matter of indilTer- 
ence. in what order lie cultivates his plants; by previously 
cultivatmg some plant with extensive ramification of roots, 
the soil is made fitter for the growth of a succeeding cereal, 
which win now thrive better, even without the application 
of manure (with sparing application), and yield a richer 
crop. But this is not a saving of manure for future crops, 
nor has the field been enriched in the conditions of its 
fertility. There has been an increase, not in the sum of 
the nutriment, but in the available particles of that sum, 
and their operation has been hastened in point of time. 

The^ physical and chemical condition of tlie WM was 
improved ; but the store of chemical eleniLiitd was 
reduced. All plants, without exception, drain the soil, 
each in its own way, and eidiaust the conditions tor their 
reproduction. 

K s 
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In the produce of Mb field the farmer actually aella hia 
^ land; he sells, in his creeps, certain elements of the atmo* 

spheiL', wliich come of tlioinselves to liia soil ; aud with 
thera certain constituents? of tlie grouiKl, which are his 
property, and wiiich have served to form, out of the 
atmospheric elements, the body of the plant, being them- 
selves component parts of that body. In alienating the 
crops of his field, he robs the land of the conditions re- 
quired for their reproduction. Such a syst^^m of husbaudiy 
may properly be called a system of spoliation. 

The constituents of the soil are the farmer's capital ; the 
atmospheric nutritive substances are the interest of his 
capital ; with the former he produces the latter. In selling 
the produce, he alienates part of his capital and the 
interest ; in restoring the constituents of the soil to the 
ground, he retains his capitaL 

Common sense tells us» and all farmers agree, that 
clover, turnips, hay, &c., cannot be sold ofi* from a fitrm 
without materially damaging the productive power of the 
laud for corn. 

Everyone willingly admits, that the removal of clover 
is prejudicial to the cultivation of corn ; but that the 
removal of com should injure the cultivation of clover 
is to most fimners an inconceivable, nay, an impossible 

idea. 

Yet the natural connection and mutual relations be- 
tween the two classes of plants are as clear as daylight. 
The ash-<x>nstituents of clover and com are the conditions 
for the formation of dover and com, and are identical as 
fiir as the elements are concemed. 

Clover, just like corn, requires for its production a 
certmn amount of phosphoric acid, potash, hme, and 
magnesia. The mineral constituents of clover are the 
same as those of com, plus a certain excess of potash. 
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lime, and sulphuric acid. The clover draws these con- 
stituents from the soil, the cereal pliuita luiiy be represented 
as deriving them from the clover. In selling his clover, 
therefore, the farmer takes away the conditions for the 
production of com, and there remains bdiind in the soil 
less nutriment for the com ; if he sells his com, he takes 
away from the land some of the most indispen^ble con- 
diLiuiis for the production of clover, hence the clover 
crop fails in a subsequent year. 

The peasant knows the operation of these fodder-plants, 
and expresses his views in his own way when he says, 
*that, as a matter of course, a man must not sell his 
niiuiiire, without which no permanent cultivation is 
possible, and that in selling the fodder-plants, a man sells 
his manure.' But that in selling his com, a famier is still 
parting with his manure, does not seem to be understood 
by many even of the most enlightened agriculturists. 
Farm-yard manure contains all the mineral constituents of 
fodder; and tliese consist of the constituents of corn ^ plies 
a certain quantity of potash, lime, and sulphuric acid. It 
is quite evident, that as the whole dung-heap consists of 
parts, not one of those parts should be alienated ; and if 
it were possible, by any means, to separate the com-con- 
stituents from the rest, they wouUI i>osses,s the greatest 
value to the farmer, because upon tliem tlie cultivation of 
the corn depends. But this separation actually takes 
place in the growth of com, as the mineral constituents of 
the manure become the constituents of the com ; hence 
in selling the com, the fimner alienates a portion, and 
ind( c'il the most eflicient portion, of his manure. 

Two dung-heaps, looking quite alike, and apparently of 
the same quality, may yet have a veiy dissimilar value for 
the cultivation of com. J£ in one heap the ash-con- 
stituents of com are twice as many as in the other, the 
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former has double ihe value of the other. By the removal 

of the iniueral coiistitueiits of the coru, which were de- 
rived from the mauure, the efficacy of the mauiue with 
regard to future com crops is constantly diminished. 

Prom whatever point of view, therefore, the alienation 
of com or other field produce may be regarded, the farmer 
who does not rephu:(j the mineral constituents taken away 
in the crops, will lind that the inovitaV)le result is exliauji- 
tion of the soiL Ck)utLnued removal of the com crops 
makes the ground unproductive for clover, or deprives the 
manure of its efficacy. 

In our exhausted fields the roots of cereals no longer 
Uiid, in the upper Liyei*s of the soil, suflicient nutriment 
fur the production of a full crop : the faimer, tliereloie, 
grows on these fields clover, turnips, and other plants of 
the kmd, which, with their wide-spreading and deep 
roots, penetrate in aU directions through the soil, open up 
tlie irrnuud by theh" hu'ge root-smface, and appropriate 
the con:5Utuents which are needed by cereals for the for- 
mation of seed. In the residue of these plants, m the 
constituents of the stalks, the roots, and the tubers, 
which the fiumer puts upon the arable sur&oe in the 
form of manure, he restores to the land, in a concen- 
trated form, the corn constituents for one or several ftill 
crops: what was below and sea tu red, is now above. 
The clover and the fodder-plants did not engender the 
conditions of richer corn-crops, any more than rag- 
gatherers produce the conditions for paper-making : they 
are mere collectors. 

From the i'on\i,n)inir remarks it is evident that the cul- 
tivation of plants exliausts the fertile soil, and renders it 
unfruitfid. In selling the produce of his fields, which 
serves as food for man and beast, the &rmer removes a 
portion of his soil, and indeed the constituents most 
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efficient for the production of future crops. In course of 
. time, the fertility of his fields will decrease, no matter 
what plants he cultiTates, or what order of rotation he may 
adopt The removal of his cseopa i& nothing else than 
robbing the ground of die conditions for futnre harvests. 

A field is not exhausted for corn, clover, tobacco, or 
turnips, so long as it yields remunerative crops, without 
needing the replacement of those mineral constituents 
which have been carried away. It is exhausted from the 
time that the hand of man is needed to restore the 
failing conditions of its fertihty. Li this sense, most of 
our cultivated fields are exhausted. 

The life of men, animals, and plants is most intimately 
connected with the restoration of all those conditions 
which cause the vital process to go on. The soil, by its 
constituents, takes part in the life of the plant ; its per- 
manent fertility is iiicouccivable and impossible, without 
the replacement of those conditions wiuch have made it 
productive. 

The mightiest river which sets in motion thousands of 
mills and machines must fail, if the streams and brooks 

8ui)]>l)ing its waters run dry; so, too, the streams and 
brooks will run dry if the many little drops of which 
th^ consist fail to return in the form of rain to the 
place whence their sources spring. 

A field which, by the successive cultivation of different 
plants, has lost its fertility, may recover the power of 
yielding a new series of crops of the same plants, by the 
application of manure. 

What is manure, and whence ccmies it ? All manure 
comes from the farmers' fields : it consists of straw, which 
has served as litter ; of remains of plants, of the liquid 
and solid excrements of men and animals. The excre- 
ments ore derived from food. 
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In his daily bread, man consumes the ash-constitiients 
of the grain irom the Hour of which bread is made: in 
meat he consumes the ash-constituents of flesh. 

The flesh of herbivorous animals, and its aah-consti* 
tuents, are derived from plants; these ash-constituents 
are identical with those of the seeds in leguminous 
plants. Hence if an entire animal is burnt to ashes, the 
residue will difler little from the ashes of beans, lentils, 
and peas. 

In bread and flesh, therefore, man consumes the ash- 
constituents of seed, or of seed-constituents which the 
farmer has obtained from liis fields in the form of flesh. 

Ui the large amount of mineral substances which man 
consumes in his food during a hfetime, but a small fraction 
remains in his body. The bodj of an adult does not 
increase in weight from day to day, whidi proves that all 
the constituents of his food must completely pass out 
again from his system. 

Chemical analysis demonstrates that the excrements 
of man contain the ash-constituents of bread and flesh 
very nearly in the same quantity as they exist in the 
food, which in the body undergoes a change similar to 
that which would take place in a furnace. 

The urine contams the soluble, the solid excrements 
the insoluble ash-constituents of food : the stinking sub- 
stances are the smoke and soot of an imperfect combus- 
tion. With these are mixed up the undigested and the 
indigestible remains of food. 

The dung of swine fed on potatoes contains the a^sii- 
constitueuts of the potato; that of the horse, the ash- 
constituents of hay and oats ; that of cattie, the ashes of 
turnips, clover, and other plants which have served them 
as food. Earm-yard manure comprises a mixture of all 
these excrcmeuttf. 
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That lai in-yard niaiiure will completely restore tlic fer- 
tility of a field exhausted by cultivotioii is a fact fully 
established by the experience of a thuu-aud years. 

Farm-yard manure flupplies to the field a certain quan- 
tity of oiganicy L e. combustible substances^ togeiher with 
tJie ash-constitaents of the fbod oonsimied. We must 
now consider wliat part is taken, in the restoration of 
fertility, by the combustible and incombustible oonsti- 
tiuMits of the manure. 

The most superficial examination of a cultivated field 
shows that all tibe combustible constttaents of the plants 
grown upon it are derived from the air and not from the 
«oil. If the carbon even of a portion of the vegetable 
matter in the crop were derived from the soil, it is quite 
dear, that if the ground cmitained a certam amount of 
carbon before the harvest, this amount must be smaller 
affcer every harvest A soil deficient in organic matter 
iiuist uecesiiarily be less productive than a soil abounding 
in it. 

Now, experience proves that a field in constant culti-* 
vationdoes not, therefore, become poorer in ox^anic or 
combustible snbstances. The soil of a meadow which in 
ten years has yielded a thousand cwt. of hay per hectare, 
is found to be, at the end of those ten years, not poorer 
^ in organic substances, but richer than before. A clover- 
field after a crop retains in the roots left in the ground 
more oi^anic substances, more nitrogen, than it originally 
possessed ; yet after a number of years it becomes 
unproductive for clover, and no longer gives remu- 
nerative retuins of that crop. 

A field of wheat, or potatoes, is not poorer in organic 
substances after harvest, than before. As a general rule, 
cultivation increases the store of combustible constituents 
in the ground, while its fertility, however, steadily dimi- 
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nishes. After a consecutive sci ios of remLincrativc crops of 
com, turuips, aud clover, these plants will thrive no longer 
in the same field. 

Since, then, the presence of decaying organic remams 
in the soil does not, in the slightest degree, prevent or 
arrest its exhaLk^tiou by cultivation ; it is impossible that 
an increase of those substances can restore the lost capa- 
city of a field for production. In fact, when a field is 
completely exhausted, neither boiled saw-dust» nor salts 
of ammonia, nor both combined, will impart the power 
of 3delding the same series of crops a second and third 
time. When tliese substances improve the physical con- 
dition of the ground, they exert a favourable influence 
upon the produce ; but, after all, their ultimate efiect m 
to accelerate and complete the exhaustion of the soil 

But fiEurm-yard manure thoroughly restores to the soil 
the power of producing the same succession of crops a 
second, a third, and a huiRlredth time : where it is 
applied in proper quantities it will fully cure the state 
of exhaustion, and often make a field more fertile than 
it ever was before. 

The restoration of fertility by faim-yard manure can- 
not be attributed to the mixture of combustible mate- 
rials (salts of ammonia and the substance of dcaiying 
saw-dust): for if these had a favourable effect, it must 
have been of a subordinate kind. The action of farm- 
yard manure most undoubtedly depends upon the incom- 
bustible ash-constituents of the plants which it contains. 

In farm-3'aid niauure tlie field actually receives a cer- 
tain quantity of all the mineral ingredients which have 
been removed in the crops. The decline of fertility was 
in proportion to the removal of mineral constituents ; the 
renewal of productiveness is in proportion to thcur 
restoration. 
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The incombustible elements of cultivated plants do not 
of theiiiSL'lves return to the soil, as the combustible ele- 
ments return to the atmosphere from which they spring. 
The hand of man alone restores to the ground the condi- 
taoDS of the life of plants : in fann-yaid manure wherein 
they are contained, the &nner, following a natural law, 
restores the lost power of production. 
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CHAPTER V. 

XHB SYSTEM OF FJJtU-lJjm lONUBtNO. 

Quostion^ to be solved — Experini«?nt.s of Rcnning, their significnnee — 
Produce of unuiftuurtjd tieltU — lulluence of preceding crops, uf tho eiitu- 
•tioay and dimatie cooditioiuiy on the pvodnee — Each field posfleaeea its 
own power of production — Large crops, their dependence and continua* 
tion — Clo!»on<»f»a of tho food of plant>i, what is meant thereby — The 
closeness of the paiiii It^ of food in tho soil is in proportion to the pro- 
duce — Produce of corn and straw influenced by tho relations of the 
aaaimnntfid food and by the oonditiooa of giowtii ; action of food tap- 
pUed in manures — Potatoes, oata, and clover ciopaof the Sason fields; 
conclusioiiH drawn from them aa to the condition of tho fields. Prodtico 
of these lieldjs fn)m fnrm-yard manure ; the increase of produce ctuiuot bo 
calculated from tho amount of manure used — Restoration of the power of 
pndttction of ezhanated fielda by the incteaae of the neceeaaiy elements of 
food present in the soil in minimum amount; advantageous use of faim-yaid 
mamire in this respect; explanation of the result — Action df manure aa 
comparfd witli qimntityused: experiuient.'s^ — Rntinnnl system of cultivation 
— Deptii to which the food of plants penetratcti is dependent on the power 
ofahaoiption of the aoO; the Saxon fielda conaideied In this respect; the 
power w absorption considered in manniing — Change produced in the 
composition of the soil by the 8y--tfTO of farm-yard mnnunnp-; the dif- 
ferent stages of this system, the tinal result — iiikampies of these ^tn^'es in 
tho Saxon experimental fields — Cause of the growth of weeds; reuie- 
diea — The hiatoiy of hnsbandxy, what is taught by it — Fkesent condi- 
tion of European husbandly — Pn sent production of the land compared 
with the earlier; conclusions — Continuntion of production rt'gulated by 
a natund law — liRW of restoration; defective ])ni< tire of it — Aj^-ricul- 
ture in the time of Charlemagne — Agriculture in the Palatinate — Com 
fldds in the TaHeys of the NOe and Gangea ; nature provides in them for 
the restoration of food of plants — l^nu^ical agriculture and the law of 
roRtoratitm — The <>tati.«'tical returns of avenge crops aficnd an explanar 
tion of the couditioQ of com fields. 

THE general observations in the preceding chapters • 
on the mutual relations between the soil and plants, 
aa also on the sources and nature of farm-yard manure, 
will, I hope, enable the reader to enter upon a thorough 
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investdgatioii of all those phenomena i9h\ch are presented 
by the practice of farm-yard manuring. We have to con- 
sider how &rm-yard manure increases the produce of a 
iicld ; on which constituents of the manure its action de- 
pends ; what quantity oi iarm-yard manure can be obtained 
from a field ; and to what condition, after a series of years, 
a field can be restored by farm-yard manuring. 

It will be understood that £rom this investigation we 
exclude all those efiects of farm-yard manure which can- 
not be dcte unified by measure and number ; such, for 
instance, as its inllueucc upon the looseness or cohesion of 
the soil, and its heating action, by means of the warmth 
resulting from the decay of its constituents in the ground. 

The facts^ to which this investigation extends, are de- 
rived from practical experience ; and my selection of them 
has been materially faciUtated by the comprehensive 
series of experiments made in the year 1851, at the in- 
stance of Db. Bbnning, Secretary-General of the Agri-- 
cultural Society in the kingdom of Saxony, by a number 
of Saxon agriculturists, with a view of ^ ascertaming the 
action of so-called artificial manures under eveiy vaiiety 
of condition, for the purpose of more generally extending 
their application.* These expenments were continued to 
the year 1854, every series embracing a rotation of lye, 
potatoes, oats, and clover. The farmers were requested 
to try bone-dust, rape-cake meal, guano, and farm-yard 
manure, each on a Saxon acre (=1-30 EuglLsh acre) of 
groimd, compared with au unmauured plot of the same 
size, and to determine the respective crops by weight 

Of all experiments of a simiUur nature which have 
been made in the course of several centuries, those which 
are expressly stated to liave been undertaken ^ without 
a direct scientiiic object ' are of the highest scientific im- 
portance, not only for their very comprehensive character, 
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but because they have resulted ia fully establishing a 
number of &ct8 which wiU ibr aU tiina to come i^tain 
theu: validity as safe bases for scientific oondosions. 

Science owes the deepest gratitude to the excellent pro- 
pounder of these inquiries, and to the wortliy lueii who so 
zealously performed their task; the only thing to be 
regretted is, that the experiments upon unmanured plots 
were not carried out in all eases. 

It is evident that the action of farm-yard manure upon 
a field ean be properly estimated only if it is known before- 
liand wliat amount of produce the field will give without"^ 
any manure : and first of all we shall consider the crops 
produced on five fields in five difierent parts of Saxony, 
in the four-year rotation above mentioned. 
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These results lead to the following considerations. 
The term unmanured^ as applied to these fields, is 

meant to designate the conditi(Mi in which they Avere left 
at the end of a rotation by a succession of crops. 

These fields had been manured at the beginning of the 
rotation ; and had they been manured afreah, they would 
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have produced the same crops as before. In the crops 
yielded by them in the manured state, the constituents of 
the soil and those of the manure had a certain deiinite 
ahaie : if the fields had not been manured, the crops would 
have been smaller. Kow if we attribute the increased pro- 
duce during the course of the rotation to the supply of 
farm-yard maniu'c, and siijjpose that the constituents of the 
farm-yard manure have been again removed in the croj^s, 
which is not true in all cases, then the field, at the end of 
the rotation, is in the same state in which it was at the 
commencement, before it had been manured. Accord^ 
ingly, we may assume, without great risk of error, that 
the produce of difreient crops, which a plot of ground 
will yield in a new lutaiion without manuring, will be in 
proportion to the store of nutritive substances, ready for 
assimiktion, which it contains in its natural state. Hence 
fix>m the unequal products yielded by the two fields in 
that state, we niay, wiLli an approximation to truth, infer 
certain inequahties in the amount of food or in the con- 
dition of the fields. 

Of course, inferences of this kind are admissable only 
within very narrow limits; for when we compare two 
fields which lie in the same or in difierent districts, we 
must remember that in each ca.se various factors ojierate 
upon tlie products, making these unequal, even though 
the nature of the soil be otherwise identical. 

If, for instance, two fields, both unmanured, are planted 
with one and the same cereal, it is by no means a matter 
of indificrence, as regiu'ds the produce of corn and straw, 
what crop luus preceded the cereal. If the last crop in 
the precetUng rotation was clover on the one, oats on the 
other field, the residts will vary, even though the con- 
dition of the soil in both was originally identical; and 
the produce reaped, in that case, indicates merely the 
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state into whicli the £eld hm been brought by the pre- 
ceding crop. 

la hiUy districta, a northern or southern asgect makes 
a difference in the comparatiye character of two fidds ; bo 

too does the height above the sea, ou wliich tlic quantity 
of the fall of rain depends. A fall of rain received at a 
more favourable time by one field than by another makes 
a difference in the amount of produce, even though the 
condition of the soil be the same in both fields. 

liOBtly, in judging, in the manner indicated, of the state 
and condition of a field, the weather during the preceding 
year mu:^t be taken into accoimt. 

The crop produced by a £eld in a year is always the 
maximum crop which it can yield under the conditions 
given: under more fovourable external circumstances, 
that is, with better weather, the field would have fiu-- 
nished a greater crop ; under more unfavourable circum- 
stances, a smaller, always corresponding to the condition 
of the soiL 

By the production of larger crops^ in consequence of 
favourable weather, the field loses a comparatively greater 

amount of nutriiiv e substances, and the subsequent harvests 
show a decline; just as, on the other hand, deficient 
crops will act upon the yield of subsequent years, as a 
fallow year with half-manuring does, that is, the crops 
coming after bad years will turn out better, even in 
ordinary weather. 

The relative proportiojis of corn and straw, in a crop of 
cereals, are altered by a continuance of dry or wet weather. 
Permanent wet, combined with a high temperature, 
iavours the developement of leaves, stalks and roots ; and 
as the plant goes on grooving, the materials intended for 
the |)] (xliu lion of seed are used for the formation of new 
shootti, and thus the seed crop is diminished. 
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Continuous drouolit, before or durinpf sprouting time, 
produces the oi)posite effect ; the store of formative mat- 
ter accumulated in the roots is used in far greater propor- 
tion for the production of seed, and the relation of straw 
to com is smaDer than it would be in ordinary weather. 

When all these circunistaiices are taken into accouul, 
the consideration of tlie ])rocluce obtained from unmanured 
fields in the Saxon experiments will leave only a few 
general points for further investigation. 

The tabular statement of the result shows that eadi 
field has a power of production peculiar to itself, and 
that no two of them have produced the same amount of 
rye com and straw, or potatoes, or oats and straw, or 
dover. 

If we compare the numberless manuring experiments 
of the last few years, in which the cro])s obtained fix)m 

unmanured plots were likewise taken into account, we 
see tlmt tins is a general rule admitting of no exception : 
no two fields have exactly the same productive power ; 
nay, there are not even two plots in the same field which 
are identical in this respect. We need only look at a 
turnip field to see at once that every turnip differs in 
size and Avci[rht from the one growing next to it. This 
fact la 80 universally known and admitted, that in all 
countries where the land is taxed, the amount of the 
impost is assessed according to the quality of the soil, in 
some countries in eight dasaes, in others in twelve or 
sixteen. 

Since, tlien, no two fields are alike in producLive power, 
and every field must necessarily contain the conditions 
required for the production of the crops which it yields, 
it is clear that the conditions for the production of com 

and straw, or of turnij^s and jiotatoes, or of clover or any 
other plant, arc in no two fields alike : in one field the 

0 
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conditions for the production of sti'uw [>iL'})()n(lerate over 
thoee for the production of graiu, auotlier is better 
suited for the growth of clover, and so on. 

These oonditions, aooording to their very nature, differ 
in quantity and quality. By conditions which can be 
weighed and measured, we of course meau no other than 
nutritive substances. 

The crops reaped from a field afford no indication of 
the quantUff of nutritive substances in the ground. 
Consequently, the fact that the field at Id^usegast gave 
twice as mucli corn and one-third more straw than the 
one at CiiniRrsd vrf, cannot lead to the inference that the 
former was upon the whole richer in these proportions 
in the conditions for the production of com and straw ; 
for we see that the Cunnersdorf field gave two years 
after, without manuring, one-half more oat-corn and 
straw tlian the held at Mausegast, and in the foiuth year 
above 60 per cent, more clover, ^^ow some of the most 
important food elements of com are as essential to clover 
as to the cereals; and the food elements of oats are 
identical with those of rye. 

A larger crop of any of the cultivated plants given by 
one field over another merely indicate;* that the roots ui 
tJie one field, in their way do\vniwards, have found and 
absorbed in certain portions of the soil more particles of 
the whole store of nutritive substances contained in it in 
an available state than the roots in the other field ; but 
not that the total sum was greater in the one than in the 
other: for the field apparently jjoorer might in reality 
have contained a much larger total amount of nutritive 
substances than the other, only not in a condition avail- 
able to the roots. 

High returns are a sure sigu that the nutritive sub- 
stances of tlie soil are in a condition available to the 
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roots ; the permanence of high returns, and diat alone, 

affords a safe criterion of the total store or quantity of 
nutritive substances in the ground. 

The high returns yielded by one field above another 
result from this, that the particles of the mineral con- 
stituents He nearer together in the one field than in the 
other : they depend upon the closeness of the nutritive 
substances. The following table may make this point 
clearer : — 



Fig. L 1851. Wnm-m. 




Fig. n. 1862. FoMTOM. 




Fig. IZL 1969, OkTB. 




o S 
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Fig. IV. 1864. Clotsb. 




In Fig. I., the perpendicular lines a h represent the 
Urofluce of grain, a c that of straw ; in Fig. IL, the linos 
de the produce of potatoes ; in Fig. III., the lines f g the 
produce of oatnfcirn, the lines / h that of oat-straw ; in 
rig. IV., tlu' lines //; the prodncc of clover, on the un- 
manured plots ol" ground on which the experiments were 
made in Saxony. 

Now if we assume that the roots of the rye and of the 
other plants, on the several fields^ were of the same 
length and condition, it is quite certain that the roots of 
tlie cereals on the held at Maiiseiiast found, in their way 
downwards, much more nutriment than those in the 
Ounnersdorf field : the corn line is twice as high, and 
the straw line one-third higher, in the former than in the 
latter. 

With an equal number of planus, and an equal length 
of root, certain nutritive substances required by com 
were twice fis close in the Miiusegast as in the Ounners- 
dorf field. The line in Fig. IV. representing the produce 
of clover is ten times as high for Ounnersdorf as for 
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Oberbobhtzschf which means that the nutritive sub- 
stances re quired by clover were ten times as far asunder 

in Oberbobritzsch as in Cuunersdorf. 

In comparing the produce of several fields, the close- 
ness of the nutritive substances in the soil is in in- 
verse proportion to the height of the lines in the table 
indicating the amoimt of produce. 

The longer the lines, the eloser are the nuti'itive sub- 
stances in the various soils ; the shorter the lines, the 
more widely asunder do the substances lie. 

For instance, the lines indicating the produce of pota- 
toes at Edtitz and Oberbobritzsch are as 18 to 9 ; the 
potato crop at £otitz was twice as high as that at Ober- 
bobritzsch. Hence it follows that the distance between 
the nutritive substances was in inverse ratio, that is, as 
9 to 18 ; in the field at Xotitz they were twice as close 
together as in the other. 

This mode of viewing the matter is calculated to lead, 
ill many ca^e^, to more deliuite ideas respecting the cau^e 
of the exhaustion of a field. 

The corn and potato crops, for instance, took away 
phosphoric acid and nitrogen from the arable surface soil 
at Mausegast, and the barley plant next in rotation, 
which likewise draws its nutriment from tlie surtace soil, 
found in the third year much less nutriment than the rye 
plant which had precedeil it. 

The elevations of the lines a b (Eig. 1.) and fg (Fig. III.), 
taken inversely, show how much relatively greater 
has become the distance between the partides of the 
nutritive substances for the barley plant. The barley- 
corn requires for its formation the same nutritive sub- 
stances as the rye-corn. Now, as the produce of the 
lye-com was to that of the barley-corn in the.proportion 
of 22 : 12, this means, taken inversely, that the distance 
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between the nutritive substances for the barley-corn had 
increased from 12 to 22. 

In the third year, the routs of the barley, f(^r the same 
lenjTtli, foiuid scarcely half as much nutimieut lor grain 
as the rye had found. 

This exposition is not intended to supply a standard 
for measuring the distances between the available parti- 
cles of niitiitive substances in the ground, but merely to 
define mori^ accurately ^vllilt is meant by the exhaus- 
tion of land. The farmer who has a clear view of the 
causes upon which depend the reduction of crops by con- 
tinuous cultivation, will thereby the more easily find out 
and apply the means to make his field as productive as 
before, and, if possible, even to iiicreiiise its fertility. 

Beside the general differences of all the crops in the 
Saxon experimeutSy we are further struck with the 
inequality in the proportion of com and straw. 

To 10 parts by weight of com, the yield of straw was 
respectively — at Cumiersdorf 25 parts by weight, at 
Kutitz 23, at Oberschona only 21, and at Miiusegast 
only 20. 

A Tnore careful examination of the table shows that 
the difierence is mainly in the produce of corn. 
The fields at 

Cnnncredorf Klititz Obcrbobritzadh 

yielded in straw 2951 lbs. 3013 lbs., 3015 lbs. 

that is, within a few pounds, the same quantity of straw, 
while the amount of cfnn was in 

OnDDcndoif KWlti OtMRtotfttMoh 

11 : 12 : 14 

In investicrating the reasons for this inequiilitv in the 
])ioduce of com, we discover at the same time the causes 
of the difierence in the proportion between the com and 
straw* 

It is necessary to remember that what is called straw 
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(i e. the leaves^ stalks, and roots) is formed from the 
albumen of the cereal seeds, that is, from the constituent 
el^ents of the seeds ; and, further, that these parts of 

the plant are the organs for the reproduction of these 
same seed constituents. 

The production of the straw always precedes the for- 
mation of the grain ; and that portion of the seed ele- 
ments which senres to form the organs of the plant can- 
not be used to make seed : or, the more seed-constituents 
are turned into straw-constituents ^nthin the iij)])ointed 
time of growth, the fewer will remain at the close of that 
period for the formation of seed (see p. 51). 

Before the period of flowering, all the seed-constituents 
go to form straw ; after that period, a division takes place. 

Therefore, if all other conditions of soil and weather 
are equally favourable, the quantity of straw will depend 
vtpoTL the amount of seed-constituents needed for the 
formation of straw. 

The quantity of com depends upon the residue of seed- 
constituents in the whole plant, which are no longer 
requii ed for the multiplication and enlargement of leaves, 
stalks, and roots. ^^ju^ 

Let K represait that portion of the com*cons1dtuent8 
that may be formed into seed ; oK the other fraction of 
the same sabstances, which remain as oonstituento m the 
straw ; and the other constituents comprised in tlie 
straw : so that 

K=(ph(»sj)lionc acid, mtrogen, potash, lime, magnetsiii, iron) 
aK=a fraction of K 

St=(silicio acid, potaabi lime, magnesia, iron) 

then the nutritive substances which the plant has absorbed 

from the soil, may be thus expressed : — 

(K+oK SI). 
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This expression, therefore, means that the roots of the 
cereal plant must have absorbed from the earthy particles 
in contact with them a certain proportion of nutritive 

jjiibstances for the production of leaves, roo% and stalks, 
and after this a!i additional amount of several of the 
same constituents for the formation of grain. The total 
produce is, of course, dependent upon the sum of the K 
and St constituents, which the soil is able to supply to the 
plants duriiitr the natural period of growth. 

Tlie ratio between com and straw results from a divi- 
sion of the K and <St constituents in the plant itself, and 
depends upon the relative proportion of the K and S< 
constituents in the soil, as also upon the action of external 
causes favouring the production of com or straw. 

When the quantity of K constituents in the ground 
decreases, less grain will be produced ; but it is only in 
certain cases that this wiU exercise any influence upon the 
produce of straw. 

When the quantity of constituents in a field is 
increased, tlie enhanced conditions for the formation of 
leaver, ytalks, and roots, nuist injure the crop of grain, if 
the amount of aK required for the additional formation 
of straw is taken from the store of K contained in the 
soil* 

If one of two fields is poorer in K but richer in Si con* 

stituents than the other, the former may orive the same, 
perhaps even a larger, amount of straw, than the latter, 
but its produce of com wiU necessarily be less. 

A similar increase of straw, at the expense of grain, 
takes place when the state of the weather is more favour- 
able for the formation of leaves, stalks, and roots, than 
for grain. The period of growth is thus prolonged, and 
the plant then takes up more of the constituents, which 
are usually in excess; for the assimilation of these, a 
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certain additional quantity of the K constituents is con- 
sumed, which would otherwise have served to form seed. 
Let st represent the additional supply of constituents 

aflbrded by the soil under Lhese circumstances, and ak the 
additional portion of K converted into straw-consti- 
tuents; then the alteration in the produce may be 
expressed as follows 

Ccrr Straw 

that is, the produce of straw increases, while tliat of grain 
diminishes. It is also evident, that where the Si consti- 
tuents are in excess and the amount of K constituents is 
increased, then if K is proportionately deficient there will 
be an increase in the produce of straw, and if K is pro- 
portionately increased there will be a larger produce both 
of corn and straw. 

As the constituents of K, with the exception of ni- 
trogen and phosphoric acid» are also constituents of 
this accession of produce in the field unde/consideration 
will be also effected eillier by a supply of phosphoric 
acid, or of nitrogen, or both together. 

If by this supply the closeness of the K particles iu 
the ground, or of the phosphoric acid and ammonia 
particles, is doubled, then under the most &vourabl6 
circumstances the harvest may be doubled by the supply 
of K. 

If, on the otlier hand, the soil is deficient in consti- 
tuents, any increase of nitrogen or phosphoric acid in the 
ground will fail to exercise the slightest influence upon 
the crop. 

It results from this, as a matter of course, that the 
absolute or relative amount of straw, given by a field in 
a crop of com, will furnish no proof of the consti- 
tuents in the soil : since, though two fields may be equally 
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lich in these constituents, the produce of straw depends 
upon the quantity of E constituents in the ground: 

hence the field which is richer in K, will, under like cir- 
cumstances, give a larger crop of straw. 

The fact, therefore, that tiie fields at Cuuuersdorf and 
Oberbobritzsch yielded a like amount of straw, cannot 
lead to the inference that these fields contained an equal 
quantity of St constituents, since the com crops show that 
the quantities of K Avcro unequal. The liarvesUs cxJii- 
bited the following proporuuus : — 

In Cunnewdorf aa . . . (11) K : (29) oK St 
„ Kotitzas .... (12) K : (30)aK S< 
„ Oberbobritsscli aa . . (14) K : (30) oK St 

As before remarked, the constituents represented by 

the syriil)ols K and differ merely in this, that K com- 
prisL'r^ nitrogen and phosplioric acid, wliiie the otlier con- 
stituents of K are common to both ; hence the difference 
in the com crops of these three fields results mainly fiK)m 
the fact, thai* the roots of the com foimd in the soil at 
Kotitz and at Oberbobritzsch more ])hosphoric 
acid end nitrogen in an available condition than at 
Cunnersdorf. 

If the question is asked, how much phosphoric acid 
and nitrogen must be added to the field at Ounnersdorf in 
order to make the crop of com equal to that of Ober- 
bobritzsch, it would he a mistake to sup|)ose that an 
increase of -fj would be suOicient ; for tiie augmenta- 
tion of the produce of com is materially influenced by 
the constituents, the quantity of which vaiies greatly 
in different soils and has not been ascertained. 

By the addition of nitrogen and phosphoric acid, a 
certain quantity of the accumulated constituents iixe 
rendered effective or available, which before were not so; 
but whUe the produce of straw increases, not -f^^ 
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but less of nitrogen and phosphoric acid remain over 
for the formation of seed ; the exact quantity is limited 
by the total amount of transformed constituents. 

The closeness of the constituents in different soils 
may, however, be approximately ascertained fi-om the 
relative proportion of corn and straw obtained fix>m a 
plot manured "vnth phosphoric acid and nitrogen, and 
from an unmanured plot respectively. 

If the unmanured plot yields com and straw in the 
proportion of 1 : 2-5, and the nianiu'ed plot gives a larger 
crop in which the com is to the straw as 1 : 4 (straw 
beuig in greater proportion), it is evident that the 
constituents preponderate in the latter field ; and a much 
larger quantity of phosphoric acid and nitrogen would 
have to be supplied in order that the field, con espondently 
with its amount of constituent^ niiglit produce the same 
relative proportion of com and straw as, for example, the 
land jU Oberbobritzsch. 

It is a very essential part of the &rmer*s business to 
study the nature of his field, and to discover which of the 
nutritive substances, useful to plants, his land contains in 
preponderating quantity : for thus he will know how to 
make a right selection of such plants as require for their 
developement a superabundauce of these constituents ; and 
he will obtain the greatest profit from his field, when he 
knows what nutritive substances he must supply in due 
proportion to those which nre alreafly in abundance. 

Two fields, in which the total amount of nutriment is 
unequal, but the relative distribution of the substances is 
the same, will produce crops differing in quantity, but 
agreeing in the relative proportion between corn and 
straw. 

Such a relation, for example, exists between the field 
at Oberbobritzsch and the field at Mausegast If the crop 
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of com and straw in the former is expressed by K-f aK iSt^ 
the crop ia the ]atter=»l^K+l^aK 

The fields are evidently cultivated in lM>th places with 
great care and skill, and the soil is so uniformly mixed, 
that when wo know the corn and straw crop of the one, 
and the .^traw crop of the other, we can calculate the corn 
crop of the latter from tlie above formula. 

Potatoes, 1852. — ^In the subjoined table, the vertical 
lines show the potato crops from the five different fields in 
the year 1852. 

1852. Potatoes, 
C^msersdorf, MaoMgast, Kotitz, Oberbobritzsch, Obencbona, 




The potato plant draws its principal constituents from 

the ariiljle surface soil, unci from a somewliat tleej)er kiyer 
than the rye plant ; and the crops reaped sliow the 
condition of the layers more accurately than could be 
ascertained by chemical analysis. 

In the fiel<^ at MHusegast and Cunnersdorf the nutritive 
substances available for the potato plant were about 
equally close ; in Kotitz they wci c one-ninth closer to each 
other ; at Oberl x )britzsc}i they were twice as far asunder ; 
while at Oberschona they were one-fiith closer than in 
Oberbobritzsch. 

The largest potato crop was obtained from the field at 
Kotitz. Potash (for the tubers) and lime (for the herb- 
aceryiis paits) are the predominant constituents of the 
potato plant : but a certain amount of nitrogen and phos- 
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pboric add is as neoessaiy for the developement of ihe 

potato as it is for cereals ; and the eHective quantity 
of the transmuted potash and lime is easentially determined 
by the phosphoric acid and nitrogen absorbed at the same 
time* Where one of the two latter elements which, as 
ve have remarked, are equally constituents of cereals, 
is deficient in the soil, the potato crop will be propor- 
tionate to the available quantity of these two Rubstimces, 
and the greatest excess of potash or lime in the soil will 
have no influence whatever upon the amount of the 
produce. 

The arable sur&ce soil of the field at Oberbobritzsch is 

much richer in phosphoric acid and nitrogen than th.at of 
the Kutitz field ; yet the potato crop pelded by the former 
was only half that given by the latter. 

Accordingly, nothing can be more certain than that the 
field at Oberbobritzsch contained much less potash or 
lime in an available state, than the Kotitz field ; and by 
manuring with lime alone, or with wood-ashes (]>utash 
and lime), it might readily be ascertamed iu wiiich of the 
two substances the ground was deficient 

But from the inferior potato crop given by the field at 
Cunnersdorf, we cannot infer that it was poorer in potash 
or lime than the field at Kotitz ; the latter decidedly con- 
tained, as the preceding corn crop shows, somewhat more 
phosphoric add and nitrogen than the field at Cunners- 
dorf : consequently, the larger potato crop at K5titz may 
have been mainly owing to the greater quantity of these 
two elements contained in it. Even if tlie field at Cun- 
nersdorf had been still riclier in potfish and lime than 
the Kotitz field, yet after all, under the given conditions, 
it would have produced a smaller crop of potatoes. 

Oate,1853. — The oat plant derives port of its nutriment 
from the arable surface soil, but sends its roots, when the 



Digitized by Google 



206 



THB STBTBM OF FAXU-TABD HAIOJIUNG. 



soil permits, much deeper than the potato ; it possesses, 
so to speak, a hifrher power of vegetation than the rye 
plant, and in Uie iacultj of appropnatiug nutriment re- 
sembles weeds. 

1863. Oats. 

Cunn»'rs(li>rf. MaiuwHrni't, Kotitz, Oberbobritxsch. Obcnichona, 









h 
g 










1 


J 






b 























r f 

The ])oiiit which most strikes us iu this table is the 
great inequahty in the produce of two cereal plants 
grown successively on the same unmanured soiL 

The field at Cunnecsdorf, which next to that at Ober- 
schona had given the lowest crop of ryc-com and straw, 
yielded in the third year the largest produce of oat-corn 
and straw. 

The tlifference in the coudition and closeness of the 
nutritive substances in the lower layers of these fields is 
undeniable. The field at Cunnersdorf was poorer in the 
upper layers, but went on increasing downwards in the 
Mill )unt of substances nutritive to the corn plant ; the 
other iiel(l> tk t reased downwards. 

The returns of the field at Mausegast for the year 1853 
refer to barley and not to oats: hence tliey afibrd no 
conclusion as to the condition of the deeper layers, from 
wliich the oat plant derives its food : but they show the 
state into which the arable surface soil had been brouirht 
by the preceding com crop. Owing to the abstraction 
of phosphoric add, and perhaps of nitrogen, the yield 
of barley-corn was much less than might have been 
expected from the soil, judging by the preceding rye 
crop ; iuid a small supply ot" superphosphate or guano 
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would liave greatly mcreaiscd the pioduce of barley on 
this field. 

Clover J 1854. — The clover crops in the tburth year 
afford an insight into the condition of the deepest layers 
from whidi plants draw their food. 

1851. Clovkr. 
Caiinemlorf, MauBogast, Kotite, Oberbobritxsch, Oberschona. 




The produce of clover at Cunnersdorf was nearly twice 
as large as at M^usegast, and ten times greater than at 
Oberbobritzsch ; and it is beyond doubt, that these un- 
equal crops must have corres[)()rHled to uiicijual amounts 
in the soil of substances nutritive to the clever plant 

The substances required by the clover plants in respect 
of quantity and relative proportion, are very nearly the 
same as for the potato plant (leaves, stalks, and tubers 
included): and if clover still yields n^ood crops upon a soil 
wherein potatoes thrive but imperfectly, this is chiefly 
owing to the wider root-ramiiication of the clover plant. 
There are scarcely any two other plants which so clearly 
indicate the layers of the soil assigned to them by nature, 
for the absorptiuu of their nutriment. 

If potatoes are planted in trenches two feet deep, and 
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if these aw filled up in pruportiiju as the j)lant grows, so 
that at last the earth in tlie trench is on the same level 
with the arable surface, it is always found that the tubers 
are formed only in the topmost layer, none at a greater 
depU), and not more in number than if the seed-potatoes 
had been planted only 1^ or 2 inches deep in the arable 
sui face soil : and on gathering the crop it is observed 
that the roots below the arable surface have died away. 

With clover, the case is reversed ; and although the 
arable sur&ce soil at Kotitz, for example, is decidedly 
richer in substances nutritive for dover than that in 
Cunnersdorf (3uelding a potato crop liigher by ono- 
eighth), this had no effect upon the clover, which receives 
its principal nutriment irom the deepest layers of tiie soil. 

We now proceed to an analysis of the returns which 
were obtained, in the Saxon experiments, by employing 
farm-yard manure upon the plots of the same fields, the 
crops of which in their uumauured state we have just 
bceu cousidering. 



Prndure, per Saxon acre, of the jUids di r:<.^cd n-itlt fann-ii<ird mauMi c. 











OlwrtKiltrit 111 1 


OberadOiiM 


Farm-jard 
mannre 


CWtk 

180 


194 


owt> 
229 


cwt» 
314 


CWti 

897 


1R5I 
Ry^ corn , 
stnv . 


lbs. 
1613 
4696 


Ihs. 
2588 
0318 


1616 
4019 


Vtm, 
190& 
3928 


1875 
3818 


1862 
Potatoes . 


17846 


20258 


20878 


11936 


16727 


1803 
Oat corn 
„ itrow 


227R 
2992 


1649 
2475 


1880 
1742 


1685 
1909 


1253 
2576 


1854 
Clover- bay 


9509 


7198 


1232 


2735 


0» 



The clover crop iailcd irom cxccsaive wet. 
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Increase hy farm-yard manure over unmanured plots. (See p. 190.) 
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Rye com 


337 


345 


852 


452 


1167 




1745 


786 


1006 


015 


220 


1852 












Potatoes 


1279 


8862 


2101 


2185 


5682 


1853 












Oat corn 


369 


360 


641 


167 


171 


„ straw 


429 


636 


386 


97 


862 


1864 












dorer-haj 


865 


1615 


137 


1824 


— ♦ 



Here, again, what strikes us first is that the returns 

from aU tlie fields were different from one another, aiid 
that a[){)arL'ntly they did not bear the most remote rela- 
tion to the quantity of manure applied. 

Nothing can be more certain than the fact that a field, 
exhausted by cultivation, wiU yield larger returns if 
dreased with ftmn-yard manure than if unmanured : now, 
taking the increase to be caused by manure, it is natural 
to suppose that the same quantity of manure would pro- 
duce the same increase upon different fields. The follow- 
ing table, however, shows that the same quantity of 
manure, upon the Saxon fields, produced results which 
diilcied very considerably. 



One hx II fired ctrt. of farm-yard manure gave fncreafted produce. 
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OborboteitiMdi 
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aodottta 


1588 


1070 


988 


515 


601 


1852 












Potatoes . 


720 


1728 


917 


696 


628 


1864 












CloVtT . 


203 


832 


60 


628 





♦ The clover crop laiJed th)m excessive wet. 
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No oae looking at these numbers could divine that 
they were intended to represent the effects produced upon 
five different fields by an oquiil quantity of the same 
manure, and that too the universal manuring agent 

Nt'ither in the crop of rye-corn and straw, nor in that 
of potatoes, oats, and clover, is there the slightest re- 
semblance or correspondence; still less is it possible to 
discover what amount of manure has been instrumental 
in producing the increased crops. 

The same quantity of farm-yard niainiie gave, in the 
years 1851 and 1853, at Mausegast double, at Cunnersdorf 
three times, the increase of cereal crops, corn and straw 
together, that was obtained at Oberbobritzsch : the increase 
of the potato crop at Mausegast was twice as laige as in 
K5titz ; of clover, four times more in Mausegast than in 
Cunnersdorf; and in Oberbobritzsch, ten times as much 
as in Kotitz. 

The enormous quantity of farm-yard manure put upon 
the field at Oben9ch(5na failed to produce anything like 
the crop obtained from the unmanured field at li^use- 

gast. 

The composition of farm-yard manure, as we know 
fix>m numerous analyses, is on the whole so much alike 
in all places, that we may suppose without great risk of 
error that in 100 cwt of faim-yard manure every field 

receives the same nutritive substances and in the same 

quantities. 

The constituents of farm-yard manure act everywhere 
in the same way upon the soil or the earthy particles. 
Now this apparently involves an krecondlable contra- 
diction with the fact that the increase obtained by it is 

nevertheless evorywliere different, and tliat tlie (hnig- 
constituents supplied will, on one lieid, set in motion and 
render available to the cereal or potato plants growing on 
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it, twice or three times as many elements of food as on 
another field. 

This fact does not refer to the Saxon fidlds alone, bnt 
applies generally. Nowhere, in no country, do the crops 

obtained by farm-yard manuring on diflbront fields ever 
correspond, as the following table of the average produce 
of divers crops in different provinces of the kingdom of 
Bavaria will i^ow« 



AvEHAGE Crops in Bavabia. 
One day's viHlcji«ld« aTenge ptodnce in biuhela.* 







Rje 


Spelt 




(Mm 


Upper Bftvaria . 


1-70 


1-80 


8-40 


1-90 


2-81 


Lower Bavaria , 


2*50 


1-80 


3-40 


1-90 


2-81 


Upper Palatiiute and Batis- 
Don . . • • 












1-48 


1*40 


2-70 


l-7« 


1-86 


Upper Francfinia 

Middle Fraaoonia . • 


1*20 


1-30 


2-20 


1-50 


1-75 


1-65 


1-iO 


360 


L-66 


2-26 


Lower Franconia and AiUcuit- 












ft'iiburg .... 


1-70 


1-76 


250 


200 


2-76 


Soabia and Neubuxg . . 


1-80 


200 


6-0 


2-30 


3-60 


Palatinate .... 


2-70 


2-60 




8-76 


Z-90 



The crops produced by farm-yard manuring differ not 
only in every country, but even in every locality ; and, 
strictly speddng, every field dressed with farm-yard 
manure yields an average produce of its own. 

The action of fimn-yard manure upon die increase of 



• 1 Iltctolilre weiyhs on <in average 1 Bavarian bushel. 

ZoUverein weight ZoUrerein weight 

meat 14611)8. 880— 845 Ibe. 

Barley 128 „ 890—800 „ 

Bye 140 „ 818—825 

Oata 88 „ 800—800 „ 

Spelt (in the htiak) . . 79 „ 174—880 „ 

According to tibis scale, tlie weight of a Ptoaaiaii buahel of wheat is 
88 ]b8./8nd that of the En^^luah quaiter 485 Ihs., 100 Iba. (ZoUv. weight 
b110*8 Iba. avoir.). 

f8 
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produce is intimately connected witli the condition and 
composition of the soil ; it varies, therefore^ in different 
fields, simply because the composition of the soil varies. 

To understand the action of farm-yard manure, it is 
necessary to remember that the exhaustion of a field 
arises from the loss of a certain amount of nutritive con- 
stituents, at the end of a rotation, inflicted upon the soil 
by preceding crops, which of course leave less available 
food in the soil for the following crops. 

However, the loss of each individual constituent has 
not the same effect upon the exiiaustioii of the soil. 

The loss of lime which a calcareous soil suffers by a 
cereal or by clover, matters little to the growth of a suc- 
ceeding plant that requires large quantities of lime to 
thrive well. Tlie same applies equally to the loss of potash, 
magnesia, iron, phosphoric acid, nitii>gen, on fields seve- 
rally abouuiling in potash, magnesia, iron, phosplioric 
acid, or ammonia. Where a soil is abundantly provided 
with one of the mineral constituents, the amount of that 
constituent removed by the crops is so small a fraction of 
the wiiole mass, that the eHect of the diminished store is 
not appreciable from one rotation to another. 

But practical experience shows that tlie crops do 
decrease from one rotation to another, and that the land 
requires a iresh supply of certain ingredients by manur* 
ing, if it is again to produce as liivy^v harvests as before. 

Now, as a supply of lime cannot be expected to 
restore the fertility of exhausted field where lime con- 
stitutes the principal bulk of the soil, just as httle as a 
supply of potash or phosphoric acid to a field abounding 
Hi poliish or phos{)horic acid, it is easy to understand that 
where the productive power of an exliausted field is 
restored, the fertilising effect is to be attributed simply to 
the manure returning to the field those elements of food 
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which the soil originally contained in the least propor- 
tion, and of which it has accordingly lost, by the pre- 
ceding crops, comparatively the largest fraction. 

Every Held contains a majcitimm of one or several, and 
a minimum of one or several, other nutritive substances. 
It is by the minimum that the jssg^ are governed, be it 
lime, potash, nitrogen, phosphoric acid, magnesia, or any 
other mineral con.stituent ; it regulates and determines 
the amomit or continuance of the crops. 

Where Ume or magnesia, for instance, is the minimum 
constituent, the produce of com and straw, turnips, pota- 
toes, or clover, will not be increased by a supply of even 
a hundred times the actual store of potash, phosphoric 
acid, silicic acid, Ov:c., in the gt iin l. But a simple dress- 
ing with lime will increase the crops on a iield of the 
kind, and a much larger produce of cereals, turnips, and 
dover will be obtained by the use of this agent (just as 
is the case by the application of wood-ashes on a field 
deficient in potash) Liiau by the most liberal use ol iarm- 
yard manure. 

This sufficiently explains the dissimilar action upon 
different fields of so composite a manure as fiirm-yard 
dung. 

Only those ingiedients of farm-yard manure which 
serve to supply ati existing deficiency of one or two of 
the mineral constituents in the soil act favourably in 
restoring the original fertility to a field exhausted by 
cultivation; all the other ingredients of the maniu'e, 
which the field contains in abundance, are completely 
without effect. 

A field rich in straw-constituents cannot be made more 
productive by manuring with straw-constituents in the 
dung, whereas these constituents will prove most effi- 
cacious on fields deficient in them* 
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If two fields bare the same abundance of 8tniw^x>n- 

stituents, bul {ire not equally rich in corn-constituents, 
the same supply of farm-yard manure will not produce, 
by any means, equal crops of com, because these must 
bear a relation to the com-oonstituents supplied in the 
manure. Of these, both fields received the same amount 
iii tiie same quuiUity of uiuuiire ; but as tlie one ileld, of 
itself, was riciier hi corn-constiLuent^ than the other, the 
poorer of the two must receive much more manure to 
make it produce as large crops as the other. 

A comparatively small quantity of superphosphate 
will, on a field of the kind, serve to increase the produce 
to a much gi cater extent, than tlic most liberal use of 
farm-yard manure. 

Upon a field deficient in potash fiurm-yard manure acts 
by the potash contained in it ; upon a soil poor in mag- 
nesia or lime, by its magnesia or lime ; upon one poor in 
siUcic acid, by the straw in it ; upon land poor in chlo- 
rine or iron, by the chloride of sodium, chloride of potas- 
sium, or iron contained therein. 

This fact accounts for the high fiivour in which £eirm* 
yard manure is held by practical formers. As the dung 
of the farm-yard contains, under all circumstances, a cer- 
tain quantity uf each of the mineral constituents with- 
drawn from the soil by the crops grown on it, its action 
is umversally beneficial It never fails to produce the 
desired effect, and thus spares the practical man the 
trouble of devismg more suitable and equally efficadous 
means for keeping \\\) the fertility of his llcldjs, with a less 
profuse expendituie of money and labom*, or of raising 
his land, without additional outlay, to the highest attain- 
able degree of fertility compatible with its composition. 

It is well-known in practice, that the produce of many 
fields may be increased by manuring with guano, bone- 
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dust» rape*cake» and other substances containing only cer- 
tain constituents of farm-yard manure ; and their opera- 
tion is explained, in effect, by the doctrine of minimum^ 

wliicii I have just laid down. 

But as the practical farmer is not acquainted with 
the law which regulates the operation of these manuring 
agents as affecting the increase of produce, he can, of 
course, have no coirect notion of their rational, which 
means their truly economical, use ; he puts on his land too 
much, or too little, or chooses the wrong agent. Tlie 
error of employing too little manure needs no expla- 
nation ; for every one knows that the right proportion of 
manure will, with exactly the same labour and at a 
trifling additional outlay, ensure the w^'irifniiTn produce of 
wiiicli the land is capable. 

The error of using too much manure aiises fiom the 
mistaken notion tliat the action of manures is propor- 
tionate to the quantities in which th^ are apphed ; this 
is true up to a certain limit, but beyond this all the 
manure applied is simply thrown away, as far as any fer- 
tilising action is concerned. 

A manuring experiment made by Mr. J. Russell, of 
Oraigie House ('Journal of the Boyal Agr. Soc. of Eng- 
land,' voL xzii. p. 86), may, perhaps, serve to illustrate 
our meaning. Tn this escperiment a field was divided 
into a number of plots of three rows each, all planted 
with turnips, some of the plots being left unmanured, the 
remainder dressed severally with different manuring 
agents, among others with superphosphate (bone-ash 
dissolved in sulphuric add). The produce, calculated 
per acre, was as follows ; — 
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Produce per acre* 

Ko. of plots Cwt. 

L Unmanured 340 turnips (Swedes) 

n. „ 320 

V. Manured with 5 cwt. of superphosphate 535 „ 

VI- » 5 „ „ . 497 „ 

m „ 8 », „ . 480 

VUL „ 7 „ „ . 499 

IX. n 10 „ n . 490 „ 

As shown by the dilference of 20 cwt. in the jM oduce 
of Uie unmanured plots, the condition of the soil and 
the store of mineral constituents diiTered, to some extent^ 
in different parts of the field. Other experiments, which 
we cannot describe more particularly, showed that the 
soil was poorer in the centre of the £eld than on the 
sides. 

The one great fact most clearly proved by the above 
table of produce is, that 3 cwt of superphosphate gave 
nearly the same crop of turnips as 5 cwt ; and that a 

further increase of the manure to 10 cwt. produced no 
additional increase of the crop. 

No steps were taken, in these experiments, to ascertain 
which of the constituents of superphosphate of lime had 
the principal share in increasing the produce of the field. 
Magnesia and lime, as well as sulphuric and phosphoric 
acid, are equally iadispeusable clenients of food for the 
turnip plant; and I Iinve observed that by rnunnring 
with gypsum and a Httle common salt or with phosphate 
of magnesia, a field will be made to give more abundant 
crops than by eniplojnng superphosphate of lime, although 
the lalLcr iniqucstiouabiy proves the most effective ma- 
nure for most liclds. 

To apprehend these facts correctly, we must remember 
that the law of the minimum does not apply to one con- 
stituent alone, but to all. Where, in any given case, the 
crops of any plant are hmited by a minimum of phos- 
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phoric acid in the field, these crops will increase by 
augmenting the quantity of phosphoric add up to the 

point at which the additional phosphoric acid bears a 
proper proportion to the neatt minimum constituent in 
the soil. 

K the additional phosphoric acid exceeds the corres- 
ponding quantity, for instance, of potash or ammonia in 
the soil, the excess will prove of no efiect Before the 

siqiply of phosphoric acid, the available quantity of 
potash or ammonia was a Httle larger tlian the amount 
of phosphoric acid in the soil, and the excess of the 
alkalies was ineffective until the phosphoric acid was sup- 
plied; similarly the excess of phosphoric add must 
remain just as inoperative, as previously the excess of 
potabh. 

Whilst the produce before was proportionate to the 
minimum of phosphoric add, it is now in proportion to 
the minimum of potash or ammonia, or both alkalies. A 
few experiments made on Mr. Russell's field might have 

settled the question. Had potash or ammonia been the 
minimum, after manuring with superphosphate, a suitable 
supply of potash or ammonia, or both, would have 
increased the produce. In this same series of experi- 
ments, 6 cwt of guano, corresponding to 2 cwt of super- 
pliosphate, iiuve a crop of 630 cwt of turnips, or 130 cwt. 
more than the supei'phos»[)hate ; but it is left hi doubt 
whether this increase was attributable to the potash or 
the ammonia in the guano. 

To return to our Saxon experiments. If we look at 
the different quantities of dung a[>plied severally on the 
five fields, we are naturally led to inquire the rexison of 
thb diversity. 

The most feoMle answer, perhaps, is, that the fanner 
gives as much manure as he has at his disposal, or that 
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he regulates the quantity accordiug to certain &cts. U 
he has found by experience that a certain quantity of 
farm-yard manure will restore his land to its original 

fertility, and that more copious manuring will fail to give 
hirger croj^s, in pixiportion to iha iithlitional supply, or to 
the cost incurred in collecting the manure, he will stop at 
the smaller quantity. 

Hence it cannot be regarded as a mere acddent that the 
&nner at Cunnersdorf contented himself with 180 cwt. 
of farm-yard manure, while the faimer at Oberbobritzsch 
laid 314 cwt. upon his field. 

But if the quantity of manure to be applied is not 
dependent upon chance or caprice, but is regulated by 
the object in view, it is manifest that the proceedmgs of 
the farmer are governed by a law of nature unknown to 
him, except by its effects. 

It is in the composition and condition of the soil that 
we must seek the law which regulates the quantity of 
farm-yard manure required, at the outset of a fresh rota- 
tion, to restore a field to its former fertility ; and it is not 
difficult to see tliat this quantity must always be propor- 
tionate to llie eOeetive dung-const itueut6 already present 
in the soil ; a field largely abounding in them takes less 
manure than a poor field to give the same increased 
produce. 

Now, as &rm-3rard manure owes its most active con- 
stituents to clover, turnips, and the grai>6cs, the inference 
is pretty clear that the quantity of this manure required 
on a field is in an inverse ratio to the produce of clover, 
turnips, or grass^ which the field can give when unma- 
nured. 

The Saxon experiments show that this inference ciumot 
be far from the truth, in one respect at least ; for on 
comparing the produce of clover given by the unmanured 
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plots with the quantity of ferm-yard manure applied, we 
find: — 

Ch»er cnp$ m lS5i. 

Cdmuntet M Mn wi M t XStita OMobrltwdi OtmofaUna 

Ponnds . 9144 5583 1095 911 — 

Quantity of manure applied in 1851. 
Cwt. . 180 194 229 814 697 

The field at Cunnersdorf which contained the largest 
store of dnng-couHtituents received the smallest ; the 
£eld at Oberbobritzsch which gave the smallest crop of 
dover, the laigest quantity of farm-yard manure. 

The crop of clover, however, is not the only &ctor to 
determine the amount of farm-yard dung required for 
manuring ; for one of the clover-constituents, silicic acid, 
which is indispensable to the cereal plants, is present 
only in trifling proportion, and hence the quantity of 
fioTQ-yard manure (straw-manure) must bear a d^nite 
ratio to the quantity of straw-constituents already present 
iu the ground. 

If, in the Saxon experiments, we compare tlie increased 
produce of corn and straw obtained ^om the helds 
manured with fieurm-yard dung, we find : — 

Increase o/ produce byfarm-jford manuring, per acre, 

CnaiMndorf KUtiu Oberbobritndi 

Quantity of fiirm-yard manure . 180 cwt. 229 cwt. 314 cwt. 

L/Orn .... . 347 lbs. 3') 2 lbs. 4^2 lbs. 

Straw 1743 „ 1006 „ 914 „ 

The field in Cunnersdorf, manifestly the richest in sub- 
stances nutritive for straw, gave the largest straw-crop, 

although it had received the smallest quantity of farm- 
yard manure. In the increased picxluce, com was to 
straw as 1 : 5, clearly showing that spanng apphcation 
of straw-manure was the proper course to pursue here. 
This fact readily explains also why the field at Ober- 
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bobritzsch, comparatiTely poorer in straw-oonstituents^ 
required 85cwt of farm-3nird manure more than the 

Kotitz fu'ld, to enable it to niaiiitain, in its increased pro- 
duce, the same proportion of corn and straw (1 : 2) as in 
the crop from the unmanured plot. 

These considerations mighty perhaps, lead the practical 
farmer to the conviction that he is, after a]l» not much of 
a tree agent in the cultivation of his iields, and that the 
'facts and circumstances* which cruide him in liis pro- 
ceedings are simply laws of nature, of whose existence 
he has scarce!}^ any conception. In truth, it may be said 
that the agriculturist is a free agent CHily in his wrong- 
doings. If he acts in accordance with his own interest, 
he must allow himself to be guided, even though uncon- 
sciously, ])y tbe condition of his land ; and the only 
matter for wonder is, how far the man of * experience * 
has succeeded in this way. 

A system of fanning, to be called truly raiianal, must 
be exactly suited to the nature and condition of the soil ; 
for it is only when the rotation of crops or the uiode 
of muiuaiiig is conformable to the composition of tlie 
soil, that the farmer has a sure prospect of reahsing the 
highest possible returns from his labour or from the 
c^apital invested. 

Now considering, for instance, the great difference in 
the condition of'the soil at CUnnei-sdorf and Oberbohritzsch, 
it is self-evident that the same rotation of crops which suits 
the one field, will not answer equally well for the other. 

If fanners would only make up their minds to acquire 
by experiments on a small scale,* an accurate knowledge 
of the productive power of their land for certain kuids or 
classes of plants, a few more experimeuts would readily 

* In a field of pretty uniform composition^ experiments of this kind 
may be made with flower pota sunk in tke earth. 
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enable them to discover what nutritive substances their 
land contains in minimum proportion, and what manuring 
agents ought to be applied to ensure the production of a 

maximum crop. 

In matters of this kind tiie Iki'mer must pursue his own 
course, and the proper course is the one that will most 
fully secure the object he has in view ; he must not put 
the least faith in the assertion of any foolish chemist, who 
wants to prove to him amilytiailly that his field contains 
an inexhaustible store of thh or that nutritive substance. 
For the fertihty of a Held is not proportionate to tlie 
quantity of one or several food dements analytically 
shown to exist in it, but to that fraction of the total 
nutritive substances which the field is able to give up to 
the plants; and the only means of determining that 
li'octioa is by the plant itself The most that chemical 
analysis can do is to supply a data for comparing the 
condition of two fields. The ezpenments made by the 
beet-root growers on the extensive tract of land in Russia, 
known as the Tschcrncmin or ' Bkick soil,* who.sL* fertility 
for corn plants is proverbial, show that this earth, though 
analytically proved to contain upon the whole, to a depth 
of twenty inches, 700 to 1000 times the quantity of 
potash required for a full beet-root crop, is, after three or 
four years' cultivation, so exhausted, that without manur- 
ing it will uo longer yield a remunerative crop of beetroot.* 

• Wit!i regard to the general opinion about the abundance and 
inexhaustibility of potash in land, the following announcement, in tho 
* Badische Centralblatt fur Staats und Gemeinde-Interessen/ May IbGl, 
is not without interest. 'In the District of Bretten.— The contracts 
which usually tukc place in the early i>art of the year for the cultivation 
of bt't'troot, fire now fully njivn fur competition in this district, and for 
good Jirticles oU fram-s tlie cwt. are offered this year, ^vllcrea^^ last year 
only 26 francs wore paid. Notwithstanding rise cf ]»riccs, and the 
premiums ofl'crcd for aupcriur ruotji, nut many iransactious have been 
concluded. The reason of this is t^uite intelligible, for the vcrj- iijjurious 
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In the produce of cereals there is ordy one proper pro- 
portion between grain and straw ; but the unfavourable 
proportions are many. It is clear that the mass and 
extent of the organs for the formation of grain (in other 
wordSf the bulk of the straw) must bear a definite relation 
to the product, that i.s, to the quantity of grain produced : 
any excess or deficiency in the amount of straw must 
always act injuriously upon the grain crop. 

When it is known that, on a given field, one part by 
weight of com to two parts by weight of straw is the 
most favourable proportion for the production of grain, 
then, according to theory, the manuring of the field sliould 
not be such as to cause any marked alteration of this 
relative proportion in the increased produce ; that is to 
say, the several manuring substances should be selected 
and laid upon the field in such quantity and relative pro- 
portion, that the composition of the soil may remain the 
same as it was bt iure. 

It is well known that certain manuring substances are 
especially favourable to the formatbn of the herbaceous 
parts of plants^ others to that of seed. Phoqdiates, as a 
general nde, increase the grain crop : whilst of gypsum 
it is well known that where that substance effects an 
increase in the produce of clover-hay, this increase is 
always attended with a marked diminution in the produce 
of seed. The cultivation of potatoes or Jerusalem artichokes 
tends to reduce the excessive accumulataon in the arable 
surface soil, of substances which promote the formation of 
the herbaceous parts of plants. Theoreticidly, therefore, 
it is not impossible to maintain a certain uniformity of 
composition in the soil of a field; but this cannot be 

effoctH resulting to land on wliich tliis prodtict lias been cultivated, are 
too well lcno>vn.' The effects must have reference to fields which had 
been adequateljr manured, for otherwise no profitable returns can be 
expected. 
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effected by carrying on the luisbandry of an estate by 
the system of farm-yard manuring. It will liereafter be 
shown that by the continuous and exclusive use of farm- 
yard manure, the composition of the soil is found changed 
after each rotation. 

The last point which claims our attention, in reference 
to the Saxon experiments, is tlie diilereuc^ in the per- 
meability of the soil to the dung-constituents in the 
different localities. Tlie depth to which the alkalies, the 
ammonia, and the soluble phosphates penetrate, depends 
of course upon the absorptive power of the soil ; now, 
assuming, i'ov the sake of illustration, the soil of a field to 
be divided from the top downwards into distinct layers, 
which are not of course sharply separated from one 
another, we find that in some locahties the dung-con- 
stituents stop in the upper layers, whilst in others they 
penetrate to the deeper layers of the groimd. Thus, 
for instance, in the Cuniierridorf field the clover crop had 
derived no benefit from the farm-yard maniure, being about 
only 4 per cent, lai^ger than the produce given by the 
immanured plot; whereas at Mlluseg^ the manuring 
caused an increase of 30 per cent, and at Oberbobritzsdi 
of 200 per cent This result shows that certain mineral 
constituents, indispensable for clover, j^i netrated much 
deeper into the ground at MUusegast and Oberbobritzsch 
that at Cunnersdorf and Kotitz ; or, what comes to the 
same, that, in the two latter places, they were, on their 
way downwards, retained by the upper layer of the soil. 
On compariiig the crops given by the iMunanured plot at 
Cunnersdorf wiUi those obtained fiom the immanured 
plots in the other localities, we see that the Cunnersdorf 
field contained nearly as large a store of straw constituents 
as the fields at Kdtitz and Oberbobritzsch, while it was 
decidedly puurei' in the principal gxain constituents. 
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nfiiiu ly in pliDsplioric acid and, perhaps, also in iiiiiogen. 
Hence, with an equal supply of phosphitU s and ammonia 
on the three fields, the topmoi^t kyer oi the ground at 
Cimneradorf, beii^ poorer in these constituents, would 
retain a great deal more of them than that of the other 
two fields. 

The increase in the potato crop and in the produce of 
oat-grain and straw, on the Cunuersdorf field, clearly 
indicates that certain dung-<X)nstituent8 made their way 
to that layer of the soil from which the roots of the oat 
plant principally derive their food, which layer, beini^ 
richer in corn and straw constituents tlian the arnl K 
surface soil, penuitted a .^mall proportion of nutritive 
substances to pass through it and thus reach the clover. 

If we compare with this the field at Eotitz, and look 
nt its extraordinarily scanty crop of oatrgram and stoaw, 
we see at once that in the latter field the deeper layers of 
the soil were much poorer iu corn and straw constituents, 
but that the topmost layer was much richer in com 
constituents than the land at Ounnersdorf. 

Although the Kotitz field received above 25 per cent, 
more farm-yard manure than the Cnnnersdorf field, yet 
only a veiy insi^iiific-ant portion of that manure found its 
way down to the clover, as tlie layer above had retained 
the substances nutritive to clover, and these had prin- 
cipally served to benefit the oat-plant. The increase in 
the produce of oat-grain at Kotitz was more than double 
that obtained troin the Cunuersdorf field. At Mauseirast 
the relations were^imilar ; from the uncommon abundance 
of com and straw constituents in tht^ arable surface soil, 
the absorptive or retentive power of the latter for the 
dung-constituents in solution was comparatively less, 
and a considerable proportion of these .substances was 
thus permitted to reach the deepest layers. The uniiorm 
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rise of the successive crops obtained from the manured 
field at Oberbobntzsch evidently shows a very uniform 
distribution of active dung-constituents, such as might be 
expected in a noil which, though not exactly ^aiidy, yet 
contained a larger proportion of saud than auy of the 
other ei^perimental fields. 

It is easy to see, that by knoMring the absorptive power 
of the arable soil in these several fields, the farmer is 
enabled to determine beforehand to what depth the nutri- 
tive substances supplieil in the manure will penetrate into 
the ground ; aud it follows, as a matter of course, that he 
is able to apply with greater effect the mechanical means 
at his disposal for promoting the distribution of these 
elements in the soil, in the right places and in the proper 
manner. 

It would answer no crood purpose to expatiat<' .'^till fur* 
tlier on this point; my object Inis been to direct the 
attention of the &rmer to the different facts or pheno- 
mena which are presented by his land during the process 
of cultivation; because a closer observation of each 
phenomenon will lead hun to reflect upon the cause of 
it. This IS the way to obtain au accurate knowledge of 
the state and condition of the soiL 

Observation and reflection are the fundamental condi- 
tions of all progress in natural science ; and agriculture 
presents, in this res]3cct, ample room for discoveries. 
What must be the feelinfrs of happiness and cuntentment 
of the man wdio, by skillully turning to proper account 
his intimate knowledge of the pecuharities of his land, 
has succeeded, without increased appHcation of labour or 
capital, in gaining from it a permanent increase of 
produce ? For such a result is not only a personal advan- 
tage to himself, but a most important beiielit conferred 
upon all muukind. 

Q 



Digitized 



SS6 TOR STST£M OF FAOM-TA&D MANUJUNG. 

How paltiy and insignificaot do all our discoveries and 
mventioiis appear, compared to what is in the power of 
the agriculturist to achieve I 

All our advances in arts and sciences are of no avail in 
increasing the coiulition.s of human existence; and though 
a small fraction of society may by tlieir means be gaiuers 
in material and intellectual enjoyment, the load of misery 
weighing upon the great mass of the people remains the 
same. A hungry man cares not for preaching, and a 
child that is to learn anything at school must not be sent 
there with an empty teioniach. 

Eveiy step in advance, however, made by agriculture 
serves to alleviate the suficrings and troubles of mankind, 
and to make the human mind susceptible and capable of 
appreciating tlie good and the beautiful that art and 
^cien( e present to us. Improvements in OLn'ieultnre con- 
stituti' the only solid foundation for further progress in 
all other branches of knowledge. 

We now proceed to consider the changes brought 
about in the composition of the soil of a given field by 
cultivaiioii by the system of faiin yard manuring. The 
cause to which llic restoration of the jiow er of produc- 
tion in the soil by farm-yard manure is attributable is 
the same in the case of all soils, without exception, how- 
ever widely the rotations may differ, or whatever be the 
nature of the crops cultivated upon them. 

By the cultivation of cereals, and the removal of the 
corn-crops, the arable surface soil loses a certain portion 
of corn-constituents, whicii must be restored to it by 
farm-yard manure, if the future crops are to be kept up 
to the mark of the preceding ones. 

This restoration is effected by the cultivation of fodder- 
plants, such as turnips, clovei', Lrrass, c^e., on whieh the 
cattle on the farm are fed, and the constituentd of whicli 
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are drawn, in large proportion, from the deeper layers of 
the ground, where the roots of the cereals cannot pene- 
trate. 

These fodder plants nro consumed either on tlic field 
itself, as tiuiiips in Eugiaud, or in the stalls. A fraction 
of the nutritive substances contained in these plants 
remains in the body of the animals fed upon them, while 
the remainder, ejected in the form of solid or liquid 
excrements, constitutes fann-j'urd iiiauure, the principal 
bulk of wliicli, however, consists of straw which has 
served for litter. 

In Germany animals are not fed upon potatoes them- 
selves, but upon the refuse from the distilleries of potato 
spirits, which contains all the nutritive substances taken 
away from the soil in the potato cr<>j), to^rether with the 
constituents of the barley-malt that have been used in the 
process of mashing. 

Since the whole of the straw taken away in the crops 
of the preceding rotation is, as a general rule, returned 
to the aiiible soil in the shape of farm-yard manure, 
the held is, nt the outlet of the new rotation, as rich its 
before in the conditions for the production of straw; 
and there exists, under these circumstances, no ground 
for a diminution of the straw-crops. 

With regard to the clover, turnips, potato-waste, &c, 
ii^Kjii which the stock on a tai la is fed, there rcHiaini-, as 
already stated, in the bodies of the horses, cattle, &c., and 
full-grown animals in general (which no longer materially 
increase in weight), only a very small fraction of the con- 
stituents of the food consumed ; but in the young cattle 
^euL to market, in the bodies of the sheep, in the milk 
and cheese, a portion of these constitnents is retained, 
which is not returned to the soil in tiie farm-yard manure. 
The loss of phosphoric acid and potash which the soil 
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sustains by the sale of cattle and of animal products 
(wool, cheese, &c.), may be estimated at <me-tenth of the 
quantity of these mineral constituents contained in the 

potatoes, turnips, or clover; and even this estimate is, per- 
haps, too high. At all events, it is risking no great cvvor 
to assume that nine-tenths of all the consUtucnts of the 
clover, potatoes, or turnips, are returned to the field in 
the farm-yard manure; whence the arable surfeuse soil, 
after manuring, is richer for the new rotation in the mi- 
neral constituents of potatoes, clover, und turni])s, than it 
was before, as the constituents of the two latter plants 
have been brought up from the deeper layers of the 
ground. 

The far greater portion of the active dung-constituents 

is retiiiR'd by the upper !ayer> of the soil, the deeper 
layers getting hack very little of what has been tiiken 
fix)m them ; the power of the latter, therefore, to produce 
as large crops of clover or turnips as before is not 
restored. 

The soil constituents which the animals have derived 
from the turnips, clover, potatoes, iScc, and wliich remain 
in their bodies, are verj^ nearly identical, in quantity and 
quality, with those of the cereals; hence the loss sus- 
tained by the land may be estimated as equal to the corn- 
crops sold, plus the corn-constituents which the fodder- 
pliuits (' given up to the animals on the farm. 

The restoration of the power of a field to produce a 
crop of corn as large as the last naturally presupposes 
that the conditions required for the production of the new 
crop should remain the same in the veiy layer of the soil 
which supplied the preceding crop ; in other Avords, the 
f^ubstanees nutritive to com which were taken away must 
be fully returned to the arable surface soil. 

If farm-yard manure contained only the constituents 



Digitized by 



THB WaSSm OF FOOD IN FABH-TASD MAHUBB. 229 

of Btraw and potatoes, and nothing else, manuring a field 
with it could merely restore the productive power of the 
arable soil for straw and potatoes, but not for com. 
Under these circumstances it would remain as rich as 
before in food elements for straw and potatoes, but would 
be poorer for com to the extent of the whole quantity of 
corn-constituents taken aA\ay in the ci"ops. 

If farm -yard manure is to restore tlie former pro- 
ductiveness of a field for com, it must necessarily contain 
an amount of com'KX>nstituent8 corresponding to the loss 
sustained, that is to say, as much or even more than has 
been removed. 

The amount of the elenients of food for corn ( uiitaincd 
in the farm-yard manure naturally depends upon the sum 
of these elements which have passed over into manure, 
from the cattle feeding upon clover or turnips. 

Where this supply exceeds the loss sustained, the 
arable soil is actually made richer in cora-constituents ; 
but in that case it is enriched also in the conditions for 
an increased produce of straw and tuberous plants. 
Where, therefore, the farm-yard manure (by the clover 
or turnip constituents in it) increases the amount of phos- 
phoric add and nitrogen in the arable soil, it increases, 
in a much grcniter proportion, the quantity of potasli and 
lime, and to some extent also that of bilicic acid ; and 
since, as already stated, the whole of the straw-consti- 
tuents removed from the field are brought back to it in 
that manure, higher crops of com, straw, and potatoes 
are the natural result. 

This increase of the ])ioduce of all cultivated plants 
drawing their principal food from the arable surface soil, 
may go on for a very long time, but in all fields it has a 
certain appointed limit 

The time comes, sooner or later, for every field, when 
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the subsoil (which is to the clover or turnips what the 
arable surface soil is to the cereals), sufiering a continued 

drain u})oii its stores of phosphuric acid, ptjtash, lime, 
maguesia, &c., begins to lose as productive power for 
clover or tuniips; and thus the nutritive substances, 
taken away from the arable surface soU in the com crops, 
are no longer replaced from the store which existed in 
the deeper layers, and was brought up by the cIovlt or 
the turni])^. But the lii^h returns of corn given l)v a 
field do not necessarily decline with the incipient failure 
of the clover ; for where the arable soil of a field has, 
after every rotation, received from the clover or 
turnips more corn-constituents than it had lost by the 
corn-crop, there may Ix' a Lnathial accinnulation of an 
excess of the:!e elemeiilis ot tuud hullicient to conceal 
altogether from the farmer the true condition of his land. 
By introducing into his rotation vetches, white-dover, 
and other fodder-plants that derive their food from the 
upper layers of the soil, he succeeds in keeping up his 
hve stock, and he indulges in the notion that all things 
go on in his field just as before, when the clover or the 
turnips yielded good crops. This is of course simply a 
delusion, as there is no longer an actual replacement of 
the loss sustained. Bis high com-cr< >ps are now gained 
at the ex])ense of the nutritive substances accumulated 
in excess in the arable surface soil wliich are set in 
motion by the fodder-plants introduced into the rotation, 
and are uniformly distributed again in the arable soil 
after each rotation, by means of the farm-yard manure. 

His dung-heap may happen to be of larger bulk and 
extent tlian formerly, but as there is now no further 
supply of nutritive subsUuices brought up from the sub- 
soil or the deeper layers by the clover or turnips, the 
power of the manure to restore the original ferdUty of 
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the arable soil is continually decreasing. With the ulti- 
mate consumption of the excess of corn-constituents 
accumulated in the arable soil, the time comes when the 
corn-crop begins to diminish, whereas the produce of 
straw is comparatively higher than before^ as the con- 
ditions for the formation of straw have been steadily 
increasing. 

Of course, the faiiiier canuut fail to remark tlic dimi- 
nution of his corn-crops, wliich induces him to have 
recomse to drainage, to improved tillage, and to the 
substitution of other cultivated plants, in lieu of dover 
and turnips. If the subsoil of his fields will permit it^ 
he now includes in his rotation lucenie and sainfoin, 
^vhose still lon<xer and more widely spreading roots 
enable them to reach yet deeper layers of the ground 
than the red clover ; until finally he emploj^s the yellow 
lupine, whidi may truly be called the * hunger-plant' 

A new increase of produce is the result of these * im- 
provements* in his .sj'steni of cultivation by farm-yard 
manuring, which the farmer kioks upon as a great advance. 
A fresh store of nutritive substances, brought up from 
the deeper layers of the soil, may possibly accumulate 
again in the arable sur&ce soil ; but these deeper layers 
also will be gradually exhausted, and the accumulated 
stove in the arable surface soil will also be consumed. 

This is the natural terminatian of cultivation by Uie 
sif'^trm, of farm-yard manuring. 

The fields of the Saxon experiments afford very fair 
illustrations of the different conditions to which arable 
laiiLi m guneral is brought, by a pure system of farm- 
yard manuiiiig. 

The field at Cuunersdorf is in the fii-st stage, the 
Mausegast field in the second, the fields at KoUtz and 
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Oberbobritesch in the third stage, of cultivation by farm- 

yard manuring, to which wu luivc rct'ened. 

At Cunnersdorf the arable soil exJiausted by the pre- 
ceding cultivation becomes with every new rotation 
richer in the conditions required for the production of 
grain ; not only does the clover replace the loss sustained 
by the removal of the corn-crops, but a remarkable 
excess of all nutritive sub&Uinccs will gradually accumu- 
late in the arable soil ; and, at'ter a series of years, with 
the same system of cultivation by farm-yard manuring, 
the field will be brought to the condition of the land at 
MMusegast ; which means, that the arable soil will 
acquire a high productive power for corn and other 
cro|>^, wliilo the produce of clo\'t'r will decrease. The 
fields at Kotitz and Oberbobritzsch most probably were 
in former times in the same condition as the Mausegast 
field is at present; not that they ever yielded crops 
as large as the latter gives, but merely that the unma- 
nurcd plots have, at Honie antoccdeul puriud, given better 
crops than in the year 1851. Without an addiLiuual 
supply of mineral elements derived from meadows or 
other fields not included in the rotation, the produce 
must go on continually decreasing, as the 8U|)[)ly of 
mineral constituents brought up by the clover firom the 
8u])soil, in these two places, is far from sufficient to make 
up for what is taken away in the corn-crops. 

In the following calculation it has been assumed that 
of the crops obtained, lye and oats were actually re- 
moved, and of potatoes and clover one-tenth was carried 
away in the form of cattle.* 

* The amount of phosphoriG acid and potadi U estimated in the 
calcalalioa aa follows 

Kye Oftta Potatooa Clovcr-bay 

Corn Straw Com Straw 

Phosphoric acid . , 0*864 0 12 0 7.j 0 12 014 0-44 

I'oUah .... 0-47 062 038 0-94 0-68 1'16 
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lbs. \\m. lbs. 

The arable soil lost by removal of H76 rye-grain 10*2 5*5 

2019oftto . 15-8 7-7 

»t >t ^Ijf dover crop 4*0 2*0 * 

Total loss dl'8 16*8 

Thfi anble soil had xeturned to it, in of 

91441b8.ofc]ora>lia7 8618 95-5 

Balance in excess .... 4*88 79*2 



The arable soil of the GunnerBdorf field received, 
aocordiDgly, in the farm-yard manure, more phosphoric 
acid and more poUish than had been carried off by the 
corn-crops. 

In this calculation, it is a question of no importance 
how much of the lye or oats was carried off. More 
than the field produced could not be carried away, and 

if less were removed the only effect would be that 
phosphoric acid and potash would accumulate all the 
more in the Held. 

f hotphorio add PoUsh 

The arable soil lost by the xye-grain, barley-gndn, 



^\ jK»tatoos, j'^ clover ..... 35*4 18"1 

The arable soil received in of the clover crop 22 0 62*0 

Loss 13^6ain4d^ 

FlMMphoricaeM PoUah 

The arable toil lost in the rye, oats, and in 

the iVo^^he potatoes and dover . 26-4 12*7 

It reoeiTed in the clorer 8*5 11*0 

Loss 17-9 1*7 



The calculation is about the same for the Held at 

• Tlic qunntif}'- of potash is calculated here upon the proportinn of 
phoKphoric acid in corn, one part by weight of potash to two parts by 
weight of phosphoric acid. 
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Oberbobritzsch as for Kotitz. While the arable soil at 

Miiusegast, in consttiuciice of the large clover crops pro- 
duced by it, still continues to gain in potash, the corn- 
crops are gradually reducing the rich store of potash in 
the Kotitz field. 

These three fields show the eficet of a pure system of 
farm-yard manuring, irom which i.s excluded all supply 
of manure extraneous to the farm itself. 

An additional supply of fodder purchased from other 
farms, or bay grown on natural meadows, answers the 
same purpose as an additional supply of manure* 

It is self-evident that we cannot give more farm-yard 
manure to a field tliaii it producr^, unless we take the 
coiiijtitueiits of the manure from some other held, which 
in that case must lose just as much as the former field 
gains. 

If we direct our attention to manured fields, we find 

that they give larger corn-crops, and in many cases also 
larger clover or tuniip-crops ; the arable soil losing nioi e 
by the removal of the corn-crop, and receiving more 
back by the increased produce of tarm-yard manure, still 
the ultimate results remain the same. 

In the S3^tcm of cultivating by rotation of crops, it is 
found that, for a long time, the arable soil glows with 
each period of rotation very much richer than it is by 
nature, in potash as well as in lime, magnesia (the prin- 
cipal constituents of clover and turnips), and in silicic acid. 

These substances are the principal conditions for the 
formation of roots and leaves ; their accumulation in the 
soil tends to make the ground rank and prone to grow 
weeds*, as the farmer says, an evil which aiises asi a 

• Tlie most noxious of th«:he weeds are the wild raJisli {L\ij>haiius 
raphanistruin), the corn cockle {Agrostcmma cithcujo), the corn-flower 
or blue-bottle {Ctntawrwi cyamw), the German ramomile {MiUncaTia 
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necessary consequence from cultivation by the system of 
farm yard manuriug, and whicli can only be met^ as he 
thinks, by a rotation of crops. 

It is generally supposed that the best remedy is the 
hoe ; but though mechanical application may retard the 
dcvclopcment of weeds for a time, it cannot efTectually 
prevent them. The hoe iias some share in removing 
them, but not all 

The succession of crops in rotation is always made 
dependent upon the cereals; the preceding crops are 
selected of such a kind that their cultivation wiU not 
injiu^, but rather improve, the succeeding corn-crop. 
The selection of the particular kind, however, is always 
governed by the condition of the soil. 

In a field abounding in stalk and leaf constituents, it is 
often found useful to have wheat preceded by tobacco or 
rape, rye l^y Uiriiips or potatoes, since these plants by 
dmwing from the soil a large amount of leaf and stalk 

chamomUa)j and the com camomilie {Anthemis arvensts). All these 
plants contain, in tlieir ash, as much potash as is found in clover, and 
7 to 18 per cent, of chloride of potassium, a salt which forms one of 
the principal constitnonts of the urine of aninials, and which is brought 
to the Held in the ^irm-yard manure. 





11. 
MAtric. 


I. 

Matric. 
oham. 


Anthrinii 
arrenfiis 


Ci'iitnun-a 
cyonua 


Agrogtemina 


Far cent uh . 


8-<I 


9-69 


9'S6 


7-82 


13*80 


The aoL cootuimi: 
Potash . 
ClUorido of 

potassium . 
FUM^horii- ;ici(l 
Ph««phat« of 

iron . 


26*49 

18-4 
6-1 

2-39 


32*3S6 

14 2d 
7'80 

2-39 


80*«7 

715 
9-^ 

4-77 


36-63S 

11 88 
6*«9 

234 


22*86 

I'oG 
6*64 

1-80 



(KuLiNti, 'Amial. d. Chcm. und I'harm.' vol. Ivi. p. 122.) 



Digitized by Google 



THE STBTEH OF FABM-TABD ICANVSIKO. 



constituents serve to restore a more suitable proportion 
between tlio straw mid corn constituents for tlie future 
cereal crop, and at the same time to diminish, in tlie arable 
soil, those conditions which favour the growth of weeds. 

The preceding observations relative to the produce 
given by the Sazon fields, both in the unmanured and 
. liiauured state, afford, in my opinion, a perfect insight 
into the nature and results of cultivation by the system 
of farm-yard manuring. In the condition of these fields 
in their several stages, we may see reflected the history 
of agriculture. 

In the first period, or on a virgin soil, corn-crop is made 
to succeed corn-crop, and wlien the produce begins to fail, 
the culture is simply transferred to a fresh field. The 
increasing requurements of the growing population, how- 
ever, gradually put a check upon this plan, and compel 
a steady cultivation of the same surface; a system of 
alternate fallowing is now resorted to, and ellbrts aie 
made to re&toie the lost fertility of the soO, by manur- 
ing with the produce of the natural meadows. After 
a time, this expedient begins to fail, and leads to the 
cultivation of fodder-plants, the sub-soil being thus 
turned to account as an artificial meadow. The culti- 
vation of fodder-plants proceeds, at first, witliout inter- 
ruption ; after a time, longer and longer intervals are 
interposed between the clover and turnip crops ; finally, 
the cultivation of fodder-plants comes to an end, and with 
it the system of cultivation by fann \ ard manuring. The 
ultimate result is the absolute exhaustion of the soil, 
inasmuch as the means for increasing the produce of Uie 
soil gradually pass away from it by this system. 

Of course, the progress by which these difibrent stages 
are reached is extremely slow, and the results are felt 
onl} by the third and fourth generation. When there 
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are woods near the arable land, the peasant seeks to turn 
the fallen leaves to account as manure; he breaks up 
the natural meadows which are still rich in elements 

of food lor plants, and couverts them into arable land ; 
then he ])roceeds to bum down the forests, and to 
manure his fields with the ashes. When the gradual 
exhaustion in the productive power of the land has led to 
a corresponding decrease in the population, the peasant 
cultivates his land once every two years as in Catalouia, 
or once every threes years as in Andalusia.* 

No intelligent man who contemplates the present state 
of agriculture with an unbiased mind, can remain in 
doubt, even for a moment, as to the stage which hus- 
bandry has reached in Europe. We find that all coun- 
tries and regions of the earth where man has omitted to 
restore to the land the conditions ul its continued fer- 
tility, after having attained the culminating period of the 
greatest density of population, fall into a state of bar- 
renness and desolation. Historians are wont to attribute 
the decay of nations to political events and social causes. 
These may, indeed, have greiitly contributed to the 
result ; but we may well ask whether some far deeper 
cause, not so easily recognised by historians, has not pro- 
duced these events in the lives of nations, and whether 

* The Emperor Charles V. gave orders that the meadows recenUy 
tamed into arable land kIiouM bo restored to their former condition, 
Eyen before the time nf Charles V. orders of the same natiire had been 
issued by the first Catholic Kings, and at a jstill carliLr p( ri( f] by Pedro the 
Cruel of Castile. In the bpginning of the fifteenth century, llenri(|ue of 
Cnstilo prohibited tlio exportation of cattle, on pain of death; and as 
early as the conunencemeut of the fourteenth century, King Alonzo 
Onzcuo hud issued urdinances fur the preservation of meadows and 
pastures. ('Bilder aus Spanien von Karl Freiherm von Thienen, Adler- 
ilycht* Berlin : Bunker, p. 241.) All in rain I for what aTsils the 
power of even the mightiest monarchs against the irrepressible action of 
a law of nature? 



Digitized by Google 



938 THB mraC OF FABM-TABB MANUBHTQ. 



most of the exterminating wars between different races 
may not have sprung from the inexorable law of self- 
preservation ? Nations, like men, pass from youth to 

age, and then die out — so it may ;ip[)eai' to the supertkiid 
observer; but it' we look at the matter a little more 
closely, we shall find that, as the conditions for the con- 
tinuance of the human race which nature has placed in 
the ground are very limited and readily exhausted, the 
nations that liave disappeared from tlie eartli liave dug 
their own graven by not knowing liow to preserv*e the»e 
conditions. Nations (like China and Japan) who know 
how to preserve these conditions of life do not die out 

Not the fertility of the earth, but the duration of that 
fertility, lies within the power of the human will. In 
the final result, it comes very much to tlie same thing, 
whether a nation gradually declines upon a soil constantly 
diminishing in fertility, or whether, being a stronger race, 
it maintains its own existence by exterminating and 
tfdsing the place of another people upon a land richer in 
the conditions of lite. 

It can hardly bo ascribed to caprice or chance that the 
cultivator in the huertas of Yidencia obtains three crops 
yearly from the same soil, while in the inunediate neigh- 
bouring district the ground is tilled only once in three 
years ; or that the Spaniards burned down forests in sheer 
ignorance, in ordei' to use the ashes to restore the fertility 
of their heids. (See Appendix G.) 

£ver}'one who is at all acquainted with the natural 
conditions of agriculture, must perceive that the method 
of culture practised for centuries in most countries could 
not but inevitably impoverish and exhaust even the most 
fruitful lands ; can it then be supposed that there will be 
any exception in the case of cultivated lands in Europe, 
and that like causes will not produce hke efiects ? 
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Under these circiimstanoes, is it light or reaBOtiable to 
pay any attention to the doctrines of superficial -wise- 
acres, wlio, with their wretclied chemical analyses find an 
inexhaustible supply of nutritive substance? in any given 
soily even in outi which can no longer produce clover, 
turnips, or potatoes, and yet may be rendered capable of 
producing these plante by manuring with ashes or lime in 
the right places? 

In face of the duily experience which shows that the 
coni-ficlds, if they are to remain fruitful, must be 
manured after a short series of years, it is a crime against 
human socie^, a tan against the public welfare, to dis- 
seminate the doctrine diat the fodder-plants, which fur- 
nish manure to the com fields, will constantly find upon 
the field the conditions of their own growth, that the 
law of nature applies to one kind of plant only, and has 
no bearing upon the other. The teaching of these men 
has no other result than to keep agriculture in the low 
position which it now occupies. In England it is a 
mere mecbanical liandieraft, and in tliat country manure 
is regarded as merely the oil which smoothes the wheels 
and keeps the machine in motion. 

In Germany agriculture is a jaded horse, treated with 
blows instead of fodder ; nowhere is its real beauty* and 
the intellectual aspect of its pursuit recognised. Not 
merely f^r its utility, but on account of this very intellectual 
nature of its pursuit, it stands above all occupations ; and 
its practice procures, to the man who understands the 
voice of nature, not only all the advantages for which he 
strives, but also those pleasures which science alone can 
afford. 

In human society, ignorance is undoubtedly the fun- 
damental, and therefore the very greatest evil. The igno- 
rant man, however rich he may be, is not protected fiom 
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poverty by his wealth; while the poor man, who has 
knowledge, becomes rich by its means. Unconscioiialy 
to tlie ignorant fanner^ all his industry, care, and toil only 

hasten his ruin ; his crops gradually diminish, and iit 
length his children and grandcliiidren, no wiser than 
himself, are unable to maintain themselves upon the 
homestead where they were bom ; their land passes into 
the bands of the man who has knowledge ; for by know- 
ledge capital and power are acquired, and by these, as a 
matter of course, the helpless are expelled from the inhe- 
ritance of their forefathers. 

As an animal cannot care for himself, the law of 
nature takes care of him, and is his master ; but not so 
with man, who, if he understands the intentions of God 
in his creation, is master of the law of nature, which 
yields to him a complete and willing obedience. The 
animal brings into the world his perceptions and instincts, 
which grow up with his growth, and without any effort 
of his own ; but to man the Creator gave the gift of 
reason, and this distinguished him from the brutes. This 
is the divine Uilont, wliicli he should put out to interest, 
and of which it is said, ' He that hath, tu liim shall be 
given ; but from liim that hath not, shall be taken away 
even that which he hath.* It is only the interest pro- 
cured by means of this * talent* that gives man power 
over the forces of the earth. 

Error ai'ising from want of knowledge is excusable, for 
no one adheres to it after recognising its existence ; and 
the struggle between error and dawning truth anses 
from the natural striving of men for knowledge. In 
tliis contest truth must grow stronger, and if error pre- 
vails, this only proves that truth has yet to grow, not that 
error is truth. 

At all times the ^ better' has always been the enemy 
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of the *good;* but men do not comprehend for all that 
why, in so many cases, ignorance is the enemy of reason. 
There is no profession which for its successful practice 

requires a larger extent of knowledge tlian agriculture, 
and none iu which the actual ignorance is greater. 

The fanner who practises the system of rotation, 
depending exclusively upon the apphcation of ferm-yard 
manure, needs very little observation, nay only to open his 
eyes, in order to be convinced, by innumerable proofs, that 
whatever may luive been the outlay of labour and industiy 
applied to the production of farm-yard maniire, his £elds 
have not been thereby increased in the power of bearing 
crops. 

If ferm-yard manure was actually able to render a 

field pel inaneiitly j icher in nutritive substances than it is 
by nature, we might expect that a course of manuring 
for fifty years would necessarily produce a steady increase 
in the crops. 

Now, if iarmers who practise the system of rotation, 

laying aside all bias and prejudice, would compare their 
present with their former crops, or with those obtained 
by their fathers or grandfathers, none of them would 
be able to say that the crops have increased, and only 
few that the average has remained the same. Most of 
them would find, that on the average, the straw-crops 
have turned out higher, but the corn-crops lower, and 
pro]M)iti()nately lower than they formerly w^ere higher; 
and that the surplus money which their parents gained by 
the former high crops, the result of thek improvements, 
as they supposed, must now be paid out again, to pur- 
chase niaiiiiiHig substances, which, as people formerly 
thought, eould be 'produced.' Now, however, they begin 
to learn that though such substances may be produced 
for a time they cannot be reproduced in perpetuity. 

B 
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Ill like maimer, the fanner wliose richer gromid has 
enabled him to carry out the three-field system, and 
whose rich meadows guarantee a sitpjily of manure, who 

obtains as alnmdant liarvests and a.s large a weight of 
corn !is the faimer who adopt>« the system ol" ruiulion, 
and thus surmises that his management lias procured 
what the ground gives of its own free will, will inevitably 
discover that his fields may be exhausted of the condi- 
tions of their fertility, and that it is quite erroneous to 
suj)po8e that all tlic farmer's art cuubibUj iu converting 
manure into corn mid liesh. 

A simple law of nature regulates the permanence of 
agricultural produce. K the amount of produce is in 
proportion to the surface presented by die sum total 
of nutritive substances in the soil, the permanence 
ot' the i:iops will depend upon the maintenance of that 
proportion. 

This law of compensation, the replacement of nutritive 
substances which the crops have carried away from the 
soil, » the foundation of nttional Misbandry, and must, 

above all things, l)u kept in \ iew by tlie practical laiiiier. 
He may rcnounee tlie h()i)c ot" iiiakiiior liis land more 
fruitful than it is by nature, but lie c anuot expect to keep 
his harvests up to thehr average if he allows the necessary 
conditions for them to diminish m his land. 

All those farmers who cherish the notion that the 
produce of their fields has not declined, have not hitherto 
been a])le to appreciate the force ot' this law. Assuming 
that they have an excess of nutritive substances to deal 
with, they think they may continue drawing upon it, 
until ft failure becomes visible, and then they fancy it 
will be time enough to talk of compensation. 

This view results from want of understimding tlie 
nature of their own acts. 
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There surely can be no doubt that to manure a field 
which aheady contains an excess of nutritive substances, 
is opposed to a rational system of cultivation ; for what 

end ccuM be trained by increasing tlie nutritive suUstances 
in a lieid wiicre a portion of the elements already existing 
cannot, on account of their mass, come into operation ? 

But how can sensible men talk of excess when they are 
obliged to use manure in order to keep up their harvests, 
and when their crops decline if they employ no maniu e ? 

The .simple fact, say others, that in certain district*?, as 
in Eheiii^li Bavaria, agriculture has iiuurished since the 
time of the Bomans, and that the ground there is just as 
rich, nay, gives higher crops than in other lands, is a 
proof how httle reason there is to fear want or exhaus- 
tion by continued culture ; for if such a tliinir were 
hkeiy, it would make itself manifest there sooner than 
elsewhere. 

But in the cultivated lands of Europe agriculture is at 
all events stUl very young, as we know with the greatest 
certainty from records of the time of Charlema^ie. Ilis 
orLlinaiiccs respecting the management of his own estates 
(capitulure de viUis vel curtis imperatoris)^ wherein 
directions are given to the stewards, as also the official 
reports to the Emperor {specimen hreviarii rerum fisca- 
Hum Caroli Magni), sent in by inspectors expressly 
appointed to survey those estates, are irrefVagaljle proofs 
that there was then no agriculture worth tlie name. 
Very Uttle is said in the Capituiare about the cultivation 
of com, with the exception of millet It is reported in 
the Bremarium^ that at Ste&nswerth (a domain of the 
Emperor), comprising 740 acres (jumales) of arable 
land and meadow, capable of suppl} nig GOO cartloads of 
hay, the coramissiouers found no corn in store, but on 
the other hand a large number of cattle, 27 sickles great 

B 2 
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and small, and only seven broad hoes, to till 740 acres 
of land! 

Upon anotlier estate were found 80 baskets of last 
yeai" s speit, equivalent to 400 lbs. uf Hour ( = 1^ bubiiel, or 
Bomewhat more than 3 hectolitres), 90 baskets of spelt 
of the current year, from which 450 lbs. of flour could 
be made. On ihe other handy there were 3S0 hamst 

The crop or stock upon another domain amounted to 
20 bjLskets of ( = I001b.s. of flour) of the preceding 
year, and 30 baskets of spelt, of which om was used 
for seed. 

It is easy to see that in those days the breedmg of 
cattle was the chief object, and that the cultivation of com 

occupiod u VL-ry subordinate position in husbandry.* A 
deed of the period shortly' after Charlemagne says on 
this point : ' Every year three yokes of laud upon an 
estate ' should be ploughed and sown with seed fur- 
nished by the lord of the manor. (See * die Getreide- 
Arten und das Brod von Freih. von Bibra.' Nurem- 
berg: Schmid. 1860.) 

Hence we possess not a buigle trustworthy proof that 
any one field in Germany or France (perhaps we may 
make an exception in favour of Italy) has served for the 
cultivation of com from the tune of Charlemagne to our 
own age ; and the argument for the inexhaustibihty of 
land is almost childish, because it assumes that corn may 
be continuously taken from a lifld, iritkout restoring the 
conditions of reproduction. A field does not necessarily 
become unfruitful for corn because it has yielded large 
corn-crops; but it ceases to yield oora-crops if it does 
not receive compensation for the corn-constituents wliich 

* It 11 worthy of remaik that Quirlemagiie introduct il, upon his 
estates, the three-field syetemyWith which he had become acquainted in 
Italy. 
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have been removed. This compenaatioii is fiualitated by 
the breeding of cattle, in proportion to the extent to 

wliicli this is carried, and especially wlien the cultivator 
is acquainted witli the operation of manure. In the 
time of Charlemagne this was well known, for the winter- / 
crops were manured with dung, distinguished as cattle- 
dung (called gar) and horse-dung (dost or deist). Besides, 
the practice of marling was then common in Germany. 

With regard to the special instance of Rhenish Bavaria 
as proving the inexhaustibility of the soil, I had an 
opportunity last autumn, at a meeting of the Society of 
Naturalists at Spires, of maJdng particular inquiries 
about the actual condition of the neighbourhood. Bhe- 
m.^h Ijavaiia, from the slopes of the Hardt mountains to 
the lihine, comprises a district of great fertility: the 
region is inhabited by an extremely industrious popula- 
tion, distributed in small towns and villages. Almost 
eveiy artisan, even to the tailor and shoemaker, possesses 
a small plot of ground, on which he raises his potatoes 
and vegetables. The expert of corn from this district is 
never thought of, but on the contrary com and a large 
quantity of manure are imported from Mannheim, Hei- 
delberg, and elsewhere. The manuring substances ob- 
tained from tiie houses of the towns and villages are 
carefully treasured and employed, so that there can be 
no fear of exhaustion, since the removed nutritive sub- 
stances are restored to the fields. In spite of all this, in 
no part of Germany is the want of manure more felt 
than there. On the highways children are constantly 
seen with little baskets, following the horses and swine, 
to gather the manure dropped by those animals. In the 
year 1849, during tlie political agitation in the Palatinate, 
the peasants had no more urgent request for the im- 
provement of their condition to lay before the magistrates, 



Digrtized by Google 



946 THE STSmi OF UAXFOBSSG, 

than a petition to be allowed to collect ^forestings^* 
that is, to carry off the natural manure from the 

forests for the benefit of tlicir lipids. Tlicy urL^cd that 
'wnthout this (veiy pitiful) addition to tlieir manure, the 
^ future prospects of agriculture in the Palatinate were 
endangered. In &ct» a great quantity of manure is laid 
out upon the vineyards and tobacco-fields, which give 
none in return ; hence the increasing want 

There can be no doubt that in the earliest periods 
most of our cultivated lields gave a succession of abundant 
crops, without manuring, as is the case even now with 
many fields in the United States of America. But no 
fact has ever yet been more clearly established by cxpe- 
rience than this, that in the course of a few generations 
all such fields are found ]^erfe(*tly unsuito<l for the crrowtli 
of wheat, tobacco, and cotton, aud that they recover 
their fertility only by manuring. 

I know full well that recorded facts have as little 
weight with ignorant ^practical men* as those of poli- 
tical history with practical statesmen, who also act 
according to ' circumstances and contiii<j:eiicie.s/ and m-e 
simply led when they fondly believe tliuy lead. Still, the 
reflecting mind cannot fail to be struck by the circum- 
stance, tiiat it is just in countries where the land is most 
positively known to have given for above 4000 years, 
without manuring by the hand of man, an uiunterrupted 
succession of abundant crops, that the full action of the 
great law of restitution is most clearly seen. 

We know, most positively, that the corn-fields in the 
valley of the Nile and the basin of the Gfanges remain 
permanently fiiiitful, simply because nature has taken 
upon liLT^clf to restore the lust conditiou of productive- 
ness to the soil in the mud deposited by the inundation 
of these rivers whicli gradually raises the land. 
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All the fields that are not reached by the river lose 
their produetiveziess unless manured. In Egypt, the 
amount of the crop to be expected is calculated from the 
height of the water of tlie Nile ; and in the East Indies 
a famine is the inevitable consequence whenever there 
happens to be no inundation. 

Nature herself, in these striking instances, points out to 
man the proper course of proceeding for keeping up the 
productiveness of tlie land. (See Appendix H.) 

The notion of oui* ignorant practical husbandmen, that 
the soil contains ample store of the elements of food to 
enable them to .pursue their system of agriculture^ is due 
partly to the excellent quality of the land, but also to 
their skill in robbing it. The man who attempts to gain 
money by fihng the weight of one gold piece from a 
thousand, cannot plead, in extenuation, that it is re- 
marked by no one, but if discovered he 1^ punished by 
the law; for everybody knows that the fraudulent act, 
repeated a thousand times, would ultimately leave nothing 
of the gold pieces. A similar law, from which, more- 
over, there is no escape, pum:?iiL'S the agrieulturijst who 
would make us beheve that he knows the exact store of 
available food elements in his land, and how far it will go; 
and who deceives himself when he £uiciea he is enriching 
his field by bestowing on the arable sur&ce soil the 
matters taken finm the deeper layers, 

Ther'e is another class of agriculturists consisting of 
men with a small stock of knowledge joined to a limited 
understanding, who, indeed, fiUly recognise the law of 
restitution, but interpret it after their own fashion. They 
assert and teach that part of the law only, and not the 
whole, aj)])hes to cultivated fiekls ; that certain consti- 
tuents, unquestionably, must be restored to the soil to 
keep up its productiveness, but that all the others are 
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found in the earth in inexhaustible quantities. They 
generally base their opinion upon some unmeaning che- 
mical analysis, and demonslrati* to the ^ini])le agricultiuist 
(for whom alone such ditquisiLiouij are iiileuded) how 
hch his fields still are in some one or other of tlie mine- 
ral constituents, and for how many hundred thousand 
crops the store will still suffice ; as if it could be of the 
least use for any one to know what the soil contains, if 
the amount of the available food clcnieiits that serve to 
produce the crops, which is the really important point, 
cannot be determined. 

With sudi absurd assertions they absolutely hoodwink 
our * practical* farmers, who, but for them, might see 
clearly into matters, but who appear only too wilhng to 
accept any assertion that will only leave them at peace, 
and save them the trouble of * thinking/ 

I remember a case where a swindler offered to sell to 
a wealthy gentleman, at a high price, a mine of almost 
pure oxide of aluminium, after having shown him, from 
cheniieal works, that oxide of ahnniuiian was indispen- 
sable for the production of the metal almmmum, the 
market price of which was as much as 4/. per pound, 
and that the ore of the mine offered for sale ccm- 
tained nearly 80 per cent, of that valuable metal. The 
purchaser was not aware that the ore in question is gene- 
rally kllo^vn as ' pipe-clay,' an article of almost nominal 
value, and that the high price of the metal iinses from 
the many changes through which the oxide has to pass 
to effect its reduction to the metallic state. 

It is generally the same with the great stores of potash 
in the soil. The alkaU in the t^round, to answer the 
intended purpose, must, by the agriculiunsLs art, be con- 
verted first into a certain form, in which, alone, it is 
available as food for plants ; and if he does not under- 
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Stand how to effect this conversion, all the potash in his 

soil is of no earthly use to him. 

Tlie notion that the farmer need only restore to liis 
land certain substances, without troubling himself about 
the rest, might not be prejudicial if those who entertained 
it confined the application to thdr own &ims ; but, as a 
matter of instruction to others, it is untrue and quite 
exceptionable. It is calculated for the low intellectual 
standard of the practical man, who, if he in any way 
succeeds, by certain alterations, in his system, or by the 
use of certain manuring agents in obtaining better results 
than another, attributes his success to his own sagacity 
rather than to the superior quality of his land. He does 
not even know that the other has tried the veiy ^anie 
plana h& hmisell, only without attaining so favourable a 
result. Our ignorant practical husbandman starts upon 
the assumption that all fields are the same in condition as 
his own, and that, therefore, the same system which 
answers on his farm ouglit to do ecjiially well on every 
other; that the manure which he fmds useful ought to be 
equally useful to others ; that tiie deficiencies in his field 
are the same in ail other fields ; that what he exports 
fix>m his land, others export from theirs ; and what he is 
called upon to restore to his soil, others are equally called 
upon to restore to theirs. 

Although he knows next to nothing of the condition 
of his own land, with which it would, indeed, require 
many years of careful observation to become familiar, 
and is most profoundly ignorant about the condition of 
the land in any other part, although he never has 
troubled himself with reflecting upon the causes of his 
success in the cultivation of his fields, and is quite aware 
that the advice of agriculturists from other parts, re- 
specting manuring, rotation of crops, and the g^eral 
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treatment of his own land, ia not of the shghtest use to him» 
because, as he has found, it is not at all applicable to his 

dist rict ; yet all this does not prevent him from wanting to 
instruct ot/iers, and prrsuado them that ///a st/stem is tlie 
only true one, and that they need only do as he does to 
obtain equally favourable results. 

The foundation of all such views is a total miscon- 
ception of the nature of the soil, the condition and com- 
position of Avliich })rL'Sfnts an iufiuite vai iciy of shades. 

The fact that many lields that happen to be lich in 
silicates, and in lime, potash, and magnesia, are, by the 
growth of corn upon the common farm-yard manuring 
system, drained only of phosphoric acid and nitrogen, 
and that the farmer need only look to the replacement of 
these matters Avuhuiit troubling his mind about the rest, 
has already been fully discussed. This fact no one can 
dispute : but it is utterly inadmissible to apply it to tlie 
case of other fields, and to make other farmers believe 
that too, need not trouble their minds about supply- 
ing to their land potash, lime, magnesia, or silicic acid, 
and that salts of ammonia and suj)i"iphu;>j)hate of lime 
will suihce to restore the productiveness of all exhausted 
fields. 

A fermer may, therefore, be quite justified in consider- 
ing that his field can never grow poorer in potash because 

he never takes any from it, or that it actually contains a 
superabundance ol potash since everj^ rotiition leads to 
accumulate in the soil a fresh amount of that ingredient : 
but it is childish of him to think himself justified by this 
circumstance in assuring another agrictdturist, about 
whose system of cultivation he knows nothing, that the 
fields of the latter equally contain a supei abundance of 
potash. 

There are millions of acres of fertile land (sand and 
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clay*8oil), in which the proportion of lime or magnesia in ' 
the soil does not exceed that of phosphoric acid, and 
where provision must be made for replacing the An iner 
as well as the latter. Again, there are millions oi acres 
of fertile land, which, like calcareous soils in general, 
are exceedingly poor in potash, and become absolutely 
barren without a proper supply of this ingredient 

There are, on tlie other hand, luiUiuns of acres of 
feitilo lields abounding so richly in nitrogen that any 
additional supply of that element would be mere waste. 

Ashes will not promote the growth of clover on fields 
aboimding in potash, whilst the application of manuring 
agents containing phosphoric acid will have that efl'ect ; 
oil the othvv hand, ashes "will niako clover grow on land 
deficient in pota^, where bone-earth proves useless ; and 
a simple supply of lime containing magnesia will often 
suffice to restore the productiveness for clover where the 
land is deficient in lime and magnesia. 

When a farmer, besides corn and flesh, grows and sells 
other produce, the n;itur(* of the required supply of 
mineral elements is thereby necessarily altered. In the 
average potato produce of three hectares of land we 
take away the seed-constituents of four wheat crops, 
besides about 600 lbs. of potash, and in the average 
turnip produce of three hectares the seed-constituents of 
four wheat-crops, besides about lOOfillw. <,f ])otash. A 
supply of phosphoric acid alone will not suliice, in this 
case, to keep up the productiveness of the land 

The grower of commercial plants, such as tobacco, 
hemp, Ilux, the vine, &c., must in like manner strictly 
attend to the law of restitution, which, properly inter- 
preted, does not imply that he should bestow the same 
anxious care upon the replacement of all constituents 
alike which have been taken away in the crops. It 
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would, for instance, be the height of absurdity to require 
the tobacco planter who grows his crops on a lime or 

marl soil, to replace the liine carried ofl' in the leaves of 
the plant. But it tells him that not ail tliat goes l)y the 
name of manure is useful for his iields, aud it shows him 

m 

the difference between manures : it informs him of the 
loss inflicted upon the soil by the preceding crop, and 
the supply required to insure future harvests ; it teaches 

him never lo allow himself to be guided in his ])roceed- 
ings by the opinions of persons who do not take the 
slightest interest in him and his land, but alway^^ to act 
upon his own observations. A careful study of the weeds 
that spring up spontaneously in his fields may frequently 
prove more useful in this respect than a heap of hand- 
books on agriculture. 

If after the foregoing statements the condition (^f the 
cultivated land in £urope, and the decline towards which 
agriculture is tending by the prevailing system of form- 
yard manuring, should still be a matter of doubt to 
many persons unacquainted with the natural sciences, 
and who trust only to definite lunnbcrs as palpable facts, 
that doubt may, perhaps, be removed by statistical data 
on the com produce of the land in different parts of 
Germany, which have been collected partly by order of 
the government 

For a correct appreciation of the importance of those 
data in the matter, it is necessary in the first place to 
understand clearly what is meant by an * average ' crop. 
By this term is designated the average produce, ex- 
pressed in numbers, of a field, or a number of fields, or 
all the fields of a district or country. The figure which 
represents it is found by adding together the produce of 
all the fields for a number of years, and dividing the 
sum total by the latter. There is accordingly a special 



Digiiiztxi by 



MRAKING OF AYKRAQE GBOP. 



86S 



average produce for ereiy district, by which the next 
year's crop is judged. Thus we talk of a full, or a half, 
or a three-quarter average, as the produce happens to 
come up to the calculated average, or fall oae-half or 
one quarter below it 

The question as to the actual condition of our corn- 
fields may therefore be put thus : Has there been any 
change in the figure which at any previous period ex- 
presiied the average produo ' uf the land, and in what 
sense? Is that figure higher now than formerly, or has 
it remained the same or isJlea ? If the figure is higher, 
this is of course a sign of an improved condition of the 
land ; if it remains the same, the condition has under- 
gone no change ; and if it is lower, there can be no 
doubt that the condition of the land in that district has 
declined. 

I select for my purpose the statistical data of the pro- 
duce of the Hessian Bhine district, one of the most 

fertile provinces of the Gh^nd Duchy of Hesse, with an 
excellent wheat soil, and inhabited by a most industrious 
and generally well educated population. (* Statistische 
Mittheilungen liber Eheinhessen, von F. Dael, DLL.' 
Mayence : 1849. Elor. Kupferberg.) 

These data embrace a period of fifteen years, from 
1833 to 1847 ; they refer accordingly to the time when 
guano was not yet used as manure in Gemiany. The 
use of bone-earth was at that time also still very limited, 
and hardly worth taking into account 

A produce of eleven grains of wheat to every two 
grains sown, of five and a half accordingly, was held 
to be an average crup ior the Hessian Khine district. 
(20 malter8=14 bushels=5120 hectohtres per hectare 
=2-471 English acres.) 

Taking the figure 1 to express an average crop, the 



Digitized by Google 

I 



iM THE STSTBM OF FABM-TABD MANUBING. 

amount of produce reaped in the Eliine diathct of Hesse 
was: — 

1833 1S34 IR35 IftW 18W 183« 1R39 

0-86 0-78 p-88 0 72 0-88 073 0-61 

1840 1841 1842 1848 1844 1846 ]84« 1847 

1*10 0-40 0-00 0*74 l-dH 0*63 0-76 0-88 

which gives a mean for the fifteen years of 0*79 of the 
former average. 

The productiveness of the wheat land m the Rhine dis- 

trict of Hesse lias tlierejore declined somewJiat more than 
one-fifih, 

I know all that may be urged against the accuracy of 
these figures severally, and their trustworthiness collec- 
tively ; but if they contain errors, the impartial observer 

must see that these must tend to the 'plxis as well as to 
the minus side, and that it -would be most extraordinary 
in the presence of plus crroi*s that all the estimates 
should have fallen out on the minus side. 

There is, however, a very simple, and at the same time 
infallible and irrefutable, proof of the correctness of the 
conclusions djiiw ii from tliese iigures, in the fact that the 
cultivation of ^vlloat is on the decrease, tliat of rye on 
the incrc'.'ise, in lihine Hesse, and that many fields on 
which wheat was formerly grown are now turned into 
lye fields 

Properly understood, the change from wheat to vyQ 

always argues a deterioration in the quaUty of the soil ; 
tlu.' farmer begins to grow rj'c in a wlieat field only when 
the latter no longer gives remunerative wlieat crops. 

In Rhine Hesse, a 4^ fold produce of rye is considered 
an average crop ; a wheat sofl, therefore, capable of 
giviiiL' only four-fifths of an average wheat-crop, can pro- 
duce a full average lyc-^'T'op. 

Now the average produce of lye in the fifteen years is 



Dig'itized by 



DEKBBIOBikTION OF ABABLB SOIL. 25ff 

0*96, which pretty nearly corresponds with the fall 
average. 

For spelt, the mean was 0*79 of tlie average ; for 
barley, 0*88 ; lur uats, 0 88 ; for pe^, 0*67 ; for pota- 
toes, on the other hand, 0*98; and for colewort and 
turnips, 0*86. 

The statistical data collected in Prussia and Bavaria, 
which are most reliable, give the same result; and I 

have not the slightest (k)ubt that it would hold equally 
true "vvith France and other countries, England included. 
The visible gradual deterioration qf the arable soil 
cannot but command the serious attention of all men 
who take an interest in the public welfiure. It is of the 
utmost importance that we do not deceive ourselves 
respecting the danger, indicated by these signs, as threat- 
ening the future of the populations. An impending 
evil is . not evaded by denying its existence or shutting 
our eyes to the signs of its approach. It is our duty to 
examine and appreciate the signs : if the somrce of the 
evil is once detected, the first step is thereby taken to 
remove it lor ever. 
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CHAPTER VI. 

GUAVO. 

Corapopition compared with that of seeds ; fmall amount of pnt.i.sih iu it; 
its action — ( iuano anil bonn-parth, similurity <»f their arfive injTt'iiieuta 
— Guano acts (quicker thau bone-eartli, or a mixture uf the iaitur and 
mmnooiAMLL aalts ; leMon of this — Ozalie add in PotutUii guano ; the 
phoephoric acid rendered aoluble by its means — 'PmiTian ;.numo, its effect 
on the cultivation of com — Moist guano loses ammoniu — Moistening- 
g-uano with wntf-r acidulated with stjlphurir acid; ef^Wt — luactivity of 
guauo in dry and very wet weather — Itapidity of its action m a manure, 
on what dependent — Comparison of tito efiect of tum-ytstd mannie 
and guano ; effect produced hj mixing the two — Guano on a field rich 
in ammonia — Increased produce by jruano, what it pre^uppospg — 
Kxhau-^tion of the soil by continuous use of guano — Mixiuro of guano 
with gypsum aad with sulphuric acid — The Saxon agricultural experi- 
menta; their reaulta. 

PERUVIAN guano generally contains 33 to 34 per cent 
of incombustible, and 66 to 67 per cent of volatile 
and combustil)l(! ingredients (water and ammonia). The 
latter consist principally of uric acid, oxalic acid, a browu 
matter of uncertain composition, and guanine. The 
uric acid amounts occasionally to as much as 18 per 
cent, the oxalic acid generally to 8 or 10 per cent of 
the weight of tlie guano. The relation of uric acid to 
vegetation is not known, but it is hardly hkely tliat this 
substance can have a perceptible share in the fertihsiiig 
action of guano. To account for this action, then, 
we have only the ammonia and the incombustible con- 
stituents left to consider. An analysis of two samples of 
guano, made by Dr. Mayer and Dr. Zoeller, in my own 
laboratory, bhowed iOU paits of guano ash to contain ; — 
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Potash 1-56 to 2 03 

Lime 34-00 „ 37-00 

Magnesia 2 56 „ 2*00 

Plw^phoric acid .... 4100 „ 40 00 

If we compare with thia the compositioa of the ashes 
of yarious seeds, we see at once that tiie incombustible 

constituents of guano do not altogether replace the soil 
constituents carried off in tlie seeds. 
In lOU parts of seed ash are contained, — 

Potadi 80 40 ^ 

Lime 4 6 10 

MngTiesia • • . . IS 6 10 

Piioaphoric add « . • 45 86 86 

The principal difference between the ash of guano 
and that of these seeds lies iu the deficiency of potash 
and magnesia in the former. 

Agriculturists are generally agreed about the neoessi^ 
of potash for vegetation, and that a suppfy is required by 
fields poor in that ingredient^ or drained of it ; but the 
question as to tlie importance of uuigncsia for vseed for- 
mation has not, as yet, mot with the same attention, and 
special experiments in this direction would be very desir- 
able. The £Eict that much more magnesia is found in the 
seeds than in the straw unmistakably shows that it must 
play a definite part in the formation of the seed, which 
might, perhaps, be ascertained by a careful exann nation 
of seeds of the same variety of plants containing different 
amounts of magnesia. It is a well-known fact that the 
seeds of the several species of cereals having the same 
proportion of nitrogen, do not always contain the same 
nitrogenous compounds, and it is possible that the nature 
of tlie latter may, in the formation of the seeds, be essen- 
tially iiiiiueiiced by the presence of lime or of magnesia, 
so that the differences in the proportions of both of these 

s 



Digitized by Google 



258 



GUANO. 



alkaline earths may have a certain conuectiou with the pre- 
sence of the soUiblc nitrogenous compounds (albumen and 
caseifh), or of the insoluble (gluten or vegetable fibiine). 
Of course, the quantity of potash and soda present would 
have to be taken into account in an investigation of the 
kiiul. The fertilising action of guano is generally attri- 
buted to the ammonia in it, and to the other ingredients 
rich in nitrogen ; but accurate experiments made to elu- 
cidate thiB pointy by the General Committee of the Agri- 
cultural Society of Bavaria, which we shall hereafter have 
occasion to mention, have hhown that whilst the use of 
guano was found, in many cases, to increase very con- 
siderably the produce of com and straw of a field, the 
application of an ammoniacal salt containing an amount 
of nitrogen corresponding to that in the guano produced 
no perceptible effect on the crop of the same cereal, 
grown in tlie same yenr, uijoii another plot of the liekl, 
wlien compared with the produce of a third uumanured 
plot of tlic same field 

Though the part which the ammonia in the guano 
plays, in many cases, in increasing the produce, cannot 
be questioned ; yet it is equally certain, on the other 
hand, that in many other insUuices tlu' rertili.^ing action 
of guano must be attributed principally to its other con- 
stituents. 

If the ash of guano is compared with caldned bones, 
or bone-earth, it is found that the difference between the 

two is not very great; yet an amount of bone-eartli 
containing the bame proportion of eiirthy phospliate as in 
guano, or even two to four times that quantity, has not 
the same action as the latter manure. Even a mixture of 
bone-earth with ammoniacal salts in sufficient proportion 
to make the amount of nitrogen and phosphoric acid 
equal to that contained in the guano, tliough more 
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eliicacious than bone-earth alone, has still a different action 
from guano. The great distinction between the two lies 
in the greater rapidity of the action of the guano in the 
first year, and often even in the course of a few weeks, 
whilst in the year after it is barely perceptible ; tliui of 
tlie bone-earth, on the other hand, is comparatively slight 
in. the first year, but increases in the following. 

The cause of this difierence of action is the ozalic acid 
in Peruvian guano, which often amounts to from 6 to 10 
per cent If guano is subjected to lixiviation, the water 
dissolves sulphate, ])]ios])luite, and oxalate of animonia, 
which latter salt crj^st'iilises out abundantly upon evapo- 
rating the solution. But if the guano is moistened with 
water, without lixiviating, and is then left to itself it is 
found, upon extracting with water portions of flie mix- 
ture from time to time, that the proportion of tlie oxalic 
acid in the solution gradually decreases, whilst that of 
the phosphoric acid increases. A decomposition takes 
place in this moistened condition of the guano, through 
the agency of the sulphate of ammonia, by which the 
phosphate of lime is converted into oxalate of lime and 
phosphate of ammouiji. Peruvian guano is, in this 
respect, a very remarkable mixture, which could scarcely 
have been more ingenioudy co!ii pounded for the purposes 
of the nutrition of plants ; for liie phosphoric add in it 
becomes soluble only in a moist soil, through which it 
then spreads in form of phospliate of potash, phosphate 
of sodii, and phosphate of aiiiniuuia. 

The action of guuno mny rather be compared to a 
mixture of superphosphate of lime, ammonia, and salts 
of potashf which, indeed, in many cases, is equal to it 
On a soU abounding in lime, guano is, however, decidedly 
more advarjtageous than superpliospliate of lime, since 
tlie latter, upon coming in contact with the caibouate of 

• 3 
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lime in the soil, is at once converted into neutral 
phosphate of lime, which requires to meet witli another 
aolvent at the place of fonnatiou to effect its difiusion 
through tihe soil, whilst phosphate of ammonia spreads 
through a lime soil just as if there was no carbonate of 
lime in it. The plios[)hate uf anunonia formed when 
guano is moistened with water (PO5 + 3NH/)), loses in tlie 
air one-third of the ammonia. It is owing to this circuui- 
stance that guano, when quite dry, will keep without 
alteration ; whereas, when it has been fiaudulently moist- 
ened, to increase the weight, it loses, by keeping, con- 
siderably in ammonia. 

If guano, just before its application on the field, is 
moistened with water and a htde sulphuric acid, suffi- 
cient to give the water a slightly add reaction, the decom- 
position now mentioned, which otherwise requires days 
and week?^, is efiected in a few hours. 

That guano should not ]>roducc much effect in very 
diy weather needs no explanation, because, without 
water, no substance will act in the ground; that it 
should, however, equally fail in very wet weather, is, 
undoubtedly, owing in part to the fact that the oxalic 
acid is washed out, as an ammoniacal salt, by the rain 
water, and that there is, accordingly, a corresponding quan- 
tity of phosphoric acid not made soluljle. By the above 
simple and cheap means the injurious influence of wet 
weather upon guano may be completely guarded against, 
inasmuch as the water and sulphuric acid ensure tlie eon- 
version into a sohible form of the wliole of the ])ho9- 
phoric acid, which could have been brought into that 
condition by the oxalic acid. 

The rapidity with which a nutritive substance employed 
in the shape of manure produces an effect, depends 
essentially upon tlie speed with whicli it spreads through 
the soil, and tins, again, upon its solubihty ; hence it is 
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easy to understand why guano surpasses, in these lespects^ 
many other manures. 

As regards certainty of action, guano will not bear 
comparison with farm-yard manure, which, from its 
nature, is effective in all cases; for &rm-yard manure 
restores to the land all the soil constituents of the pre- 
ceding rotations, though not in the same proportions, 
whereas guano restores only some of them, and cannot, 
therefore, replace farm-yard manure. As guano, bowrMT, 
contains, with the exception of a certain quantity of 
potash, the chief constituents (phosphoric acid and 
ammonia) of the exported com and flesh, the addition of 
a certain proportion of guano to &rm-yard manure may 
.serve to restore the proper composition of the latter, and, 
with it, also tliat of the soil. 

Let us suppose, for the purpose of illustration, that a 
hectare of kmd has been manured with 800 cwt of fimn- 
yard manure, containing, according to Voelker's analysLs, 
272 kilogrammes of phosphate, and that the field has, at 
the end of the rotation, retunied the same quantity of 
farm-yard manure of the same composition, and has lost 
by the com and the animal produce exported, altogether 
135 kilogrammes of phosphates ; the productive power 
of this field, in so &r as it depends upon the phosphates, 
would not only remain unaltered, but would even be 
considerably increased, by adding to the 800 cwt. of 
farm-yard manure supplied to it at the commencement 
of a fresh rotation, 400 Iba of guano (with 84 per cent 
of pho^hates in it). 

The farmyard manuro suppHtd to the laud » . 272 of phosphates 
In the produce oxjKirted the field lost . , ,185 
There remained in fho nrnMe soil .... 137 „ 
In the new rotation wiw added by the fresh suppljr 

of 800 cwt. of farm-yard maim re . . . 272 
By the addition of the kOO lbs, oi guiino . . 135 „ 

Altogether 544 „ 
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At the beginniiig of the new rotation the arable soil 
contained, accordingly, twice as much phosphates as at 
the beginning of the preceding one. 

It will thus be seen that, under these circumstancc*s, 
where a field receives back, in the farm-yard mauure, a 
larger share of phosphate than it has lost in the crops, 
the action of guano upon it will grow feebler from year 
to year, until at last it ceases to be appreciable. 

I^ut the case is very different as regards the application 
of guano on iields to which a smaller quantity of phos- 
phates is returned in the farm-yard manure than has been 
lost in the crops, and that have, for instance, been culti- 
vated for half a century upon the fium-yard manuring 
system. It has already been explained, that on such fields 
ct rtaiii constituents of the fodder plants and of straw, 
more particularly soluble sihcic acid and potash, are conti- 
nually increasing in the arable soil, whilst by the export 
of com and flesh its store of mineral substances is re- 
duced by the quantity contained in the exported matters. 
The two sets of constituents had jointly produced the 
crop. By taking away the seed-constituents a corre- 
sponding amount of the straw and fodder constituents 
was, accordingly, rendered ineffective. In iields of this 
description, manuring with guano not only brings up the 
amount of produce to the former standard, but frequently 
even increases it to a surprit>ing extent, when the soil 
contains a large st^rc of other assiniilidile food elements, 
wliich require only the presence of tlie guano consti- 
tuents to make them available for nutrition. In the in- 
creased produce thus obtained, there is, of course, car- 
ried off, together with the guano constituents, also a part 
of the store of the other food elements; and upon 
lepeated manurings with guano the fertilising eflect of 
that agent must therefore necessarily become feebler in 
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the same proportion as the quantity of these other food 
elements decreases in the ground* The fertilising action 
of all compound manures is rarely dependent upon one 

constituent alone ; and a.s guano contains, in its ammonia 
and phosphoric acid, two food elernonts, whicli require 
the presence of each other to be available, manuring with 
guano insures the action of the phosphoric acid, because 
the particles of the latter are in immediate contact with 
ammonia particles, that are at the same time also avail- 
able to the roots ; and in the same way the phosphoric 
acid insui'Cjs and increases tlie action of the ammonia. 

In a soil abounding in ammonia, manuring with phos- 
phates alone possessing the same degree of solubihty, 
will produce the same effect as guano. 

When ammonia salts fail to produce any effect on a 
lield wliilst guano is found to act favourably, there is 
reason to attribute the beneficial effect of the guano prm- 
dpaily to tlie phosphoric add in it ; but in the reverse 
case tiie condusion would not hold equally good, because 
the salts of ammonia produce two different kinds of 
eflccts ; they maj', under certain ciiciimstances, consider- 
ably increase tlie amount of produce, and yet the favour- 
able effect may not be positively attributed to the action 
of anomonia as such (see page 77). 

The presence in the soil of a suffident quantity of 
potash and silidc add is always presupposed when guano 
increases the produce of corn ; and on a soil rich in 
potash and magnesia, tlie appUcation of guano alone 
insures a succession of crops of such plants, which, like 
potatoes, require for their growth chiefly potash and 
magnesia. 

Meadows and com fields which gave at first large crops 
with guano, become at last, by the continued use of this 
agent, frequently so drained of silidc add and potash, as 
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to lose for many years their original productiveneaa. At 
the same time it cannot be denied that there may be 
many soils which, for several years, by the aid of guano 
alone, might be made to produce high cereal crops before 

this stiit(j of exhaustion appears ; but it will at last inevi- 
tably come, and it will then be very dillicult to repair the 
damage. 

In 800 cwt of &nn-yaid manure with which a hectare 
of land is manured in a rotation of crops, the soil 
receives (according to Voelker's analysis) the same quan- 
tity of phosphates and of nitrogen ns m 800 kilo- 
gimnmes (15'7 cwt.) of guano ; in other words, there is 
as much of those two elements of food for plants con- 
tained in 1 lb. of the latter agent as in 50 lbs. of &rm- 
yard manure. Guano, therefore, contains these elements 
in tlic most coucenUuted foiTQ, and permits the appH- 
cation of them to certain parts of tlie field more 
conveniently tlian by fiEuiu-yard manure, as is often 
advantageously done after putting in the seed. In 
many places, guano is mixed with gypsum to reduce 
its over-powerfiil action. The gypsum divides the guano 
particles and i-auses them to be more e^jually distributed 
over the field ; but there is no i\^al diminution of the 
chemical action of the ammoniacal salts; tlie gypsum 
decomposes the oxalate and the phosphate of ammonia 
into sulphate of ammonia, and [)hosphate and oxalate 
of lime. The phosphate of lime formed in this way 
is in a Ftatc of infinitely fine division, in which it is 
most suitable for the roots of plants; however, a small 
portion only of the phosphoric acid k converted into 
this state, and with the removal of the oxalic add, ceases, 
also, the beneficial influaice which the latter exerdses in 
promoting the difliision of the phosphoric acid. 

It will, therefore, be found much more effective to 
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moieten the guano with water to which a little sulphuric 
add has been added« and to mix it, after twenty-four 
hours, with saw-dust, turf-dust, or mould, instead of 

gypsuDi, and to strew this mixture over the surface of the 
field. The ruin water dissolves out the phosphate of 
ammonia, which slowly sinks into the ground, and all 
parts of the soil with which the solution comes in contact 
are enridied at the same time with phosphoric add 
and ammonia. If to the saw-dust, turf-dust, &c., g3rp6um 
is added, it decomposes with the phosphate of ainniouia 
into very finely-divided {)hosphate of lime and sulphate 
of ammonia, which are separated by the rain water ; the 
soluble sulphate of ammonia penetrating deeper into the 
ground and carr} iiig down with it a small quantity of 
the phosphate of lime, whilst the main bulk of the latter 
is left on the top. 

On land poor in potash, the addition of wood ashes to 
the guano, moistened with water and sulphuric acid, will 
he found beneficial, as the carbonate of potash decom- 
poses with tihe phosphate of ammonia into carbonate of 
ammonia and phosphate of potash, and the potash does 
not interfere with the phosphoric acid penetrating into 
the soiL 

The results obtained, in the Saxon experiments, by 
manuring with guano, afford a dear ind^t into all the 
peculiarities observed in the action of this mantiring 

agent. 

If we compare the produce severally obtained by 
manuring with guano and with farm-yard manure (see 
page 190), we are led to the following condderations on 
the condition of the experimental fidd : — 
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Manurmg with guano<, 





Cunncndorf 


MlillBflglMti 


Kbtitz 


Oberbobiitucli 


Qnwti^ of gDUo upplied 


Ua. 

879 


lb*. 
' 411 


ItM. 

411 


lbs. 
616 


im 

Kje ooro . « . 


1941 
0979 


S69S 
0901 


1605 
4740 


2391 
' 0877 


1862 


17904 


17831 


19040 


18780 


im 

Oftt com . . 
stxaw . 


2011 
2873 


1740 
2220 


1188 
903 


1792 
2251 


1854 

Clover .... 


9280 


6146 


1256 


5044 



Inertoie of product above ihs tnmmmred plot (see p. 190). 





CiumenKktrf 


barley 
Imfeeadofoata) 


KbtiU 


ObcrbobritiBch 


Amovnt cf nitrogra in 
tin mMnve 


lbs. 
49-8 


IbiL 
03-4 


Ibe. 

68-4 


lbs. 

801 . 


com < • • 
„ ttnw 


3028 


455 
1369 


341 

1732 


938 
2862 


Pototow 


1237 


920 


463 


3979 


Oat corn . • • 
,, straw • 


22 
310 


401 

383 


151 

455 


264 
439 


Bad cUtw 


136 


008 


161 


4183 



Tn Cunnersdorf^ the increase of produce obtained in 
1^51, over tlie unmanured Held, amounted 



Oofn Straw Ralilo 

Ibfl. Ibau lbs. 



By lariH-yard manure (180 CWt.) . 337 1745 = 1 :5 

By guaiiu (379 lbs ) . . . 765 8028=1 : 3-8 

The field at Cunnersdorf was naturally rich in those 

ingredients wliich we have designated as S/ (straw) con- 
stituents (silicic acid, potash, hme, magnesia, iron), and 
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the increase of these by the £urm-yard manuie augmented 
the straw at the expense of the grain crop. The iarm- 

yard manure contained too little of the K (corn) consti- 
tuents (niti'ogen, phosphoric acid). 

This explains the powerful action of guano (which 
contains chiefly K constituents) upon this field; the 
increase of com by its means was more than double that 
obtained from farm-yard manure, and a more suitable 
proportion was cstabhshed between the K and consti- 
tuents in the ground. 

At Mausegast the increase of produce obtained in 
1851, above that of the immanured field, amounted 
to— 

Corn 8tr.iw Tliitio 

lbs. lbs. Itm. 

By fium-yaid mannre (IM cwt.) . 845 7S6sl : 2*1 

Bygi]aao(4]in».) . 455 18S9al : S O 

This field was richer in K and constituents than the 
Cunnersdorf field, and contained, already, an excess of Bt 
constituents. The K constituents supplied in the guano 
constituted a much smaller fraction of the whole store 

already ])r(!seiit in the field than was the case with the 
Cunnersdorf field, and their efifect tended rather to 
increase the produce of straw than that of com. 

The application of guano had the effect of producing 
the same quantity of straw on the Cunnersdorf as on the 
Mausegast lield (5951 and 5979 lbs.) ; but the corn reaped 
from the latter exceeded that ol)taiiied from the former 
by 752 lbs. The Mausegast field was much richer in K 
constituents than the Cunnersdorf field. 

At Katitz the increase of produce was — 

Cam Straw Ratio 

)h->. lbs. llw. 

By farm-yard manure (229 cwt.) . 352 1006 = 1 : 2'8 

By guano (411 lbs.; . . .341 1732=1:5 

The effect of guano upon the straw produce was here 
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out of all proportion greater thaa that of farm-yard 
manure^ whilst the produce of com was smaller. It is 
quite evident that one constituent acting more powerfully 
in the direcdon of the formation of straw was supplied to 

the field in larger proportion in the gimno than in the 
farni-yard manure. Expenineuts with superphosphate 
(excluding ammonia), or with an ammoniacal salt (exclud- 
ing phoq>horic acid)» would have shown to which of 
these two dements the difference in the produce was 
owing. 

At Oberbobritzsch the increase of produce was — 

Oom 8trmw VMOo 

ItM. Ibx. llM. 

By farm-yard manure (314 cwt.) . 452 913 = 1 : 2 

By guiuio (G16 lbs.) . . . 938 2812=1:3 

As the quantity of guauo used at Oberbobritzsch was 
about 50 per cent, more than in the prec^ediiig expe- 
hments^ no comparison as to amount can be made 
between ^e produce of this field and that of the others. 
What is again remarkable here is the similarity of the 
condition of this and the Ifeusegast field ; on both, flirm- 
yard man are gave straw and com in the proportion of 
1*2; guano, in the proportion of 1-3. As regards the 
power of the soluble guano constituents to pass through 
the soil, we find from these experiments the same con- 
ditions existing as with those of farm-yard manure. At 
Cunnersdorf and Kotitz the whole guaiiu constituents 
hardly produced any effect upon the clover crop ; whilst 
at Mausegast and Oberbobritzsch a perceptible increase 
was the result 

Silicic add, which gives strength and firmness to stalks 
and leaves, is not one of the ingredients of guano ; hence, 
after inamiring with guano, the tendency of the cereals to 
lodge, so much dreaded by agriculturists, is observed on 
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many fields poor in silicic add, whilst on others abounding 
ia this substance it does not occur. On many soils this 
tendency may be cored by dressing wiih lime before 

applying the guano ; and in other cases it may be les- 
sened by mixing dung made from straw with the guano. 

If we calculate the increase in the produce of cereals, 
potatoes, and clover, obtdned severally in the years 1851 
to 1854, from 100 iba of guano we find 

100 lbs. of ffuano gave iiicrcasi of produce 





Cnnnermlorf 




KStitx 


OberbotvitSKh 




Itak 


lb*. 


IbB. 














Kye aud outa . • 


1088 


(>4G 


354 


731 


1862 










Potatoes 


326 


22fi 


112 


646 


1854 










ClOTCIP • • . . 


36 


172 


89 


670 



These results show that the same quantity of giiano has 
an equally dismmilar effect upon different fields as farm* 
yard manure, and that it is quite impossible to draw from 

the crops obtained any inference as to the quality or 
quantity of the manuring agent employed to proiluce 
them. The field at Miiusegast had received the same 
amoimt of guano as the Kotitz field, both, aoootdingiy, 
the same quantity of nitrogen and phosphoric acid ; jsX 
in cereals and potatoes the increase of produce was twice 
aa great, and iu clover luucii giealcr m the former than 
in the latter. 

How very Uttle the crops will enable us to draw com- 
parisons between the effects of the several constituents of 
one and the same manuring agent, may be clearly seen 

from the results of the experiments at Cunnersdorf and 
Oberbobritzsch. 
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At Cimnersdori, 100 Il)s. of ^lano gave an increase of 
produce in cereak, potatoes, and clover, containing — 



Kitzogen Potaah rhi;nipboric acid Llmo 
IbL lb*. ItM. Ib«. 



Increaw of produce . 9 *2 IG l 3*5 3 0 
The guano oontained. 13 0 2 0 12 0 12 0 

More in the maniire . 8*8 — » 8*5 8*4 leas in the cropa 
Lev in the manure . — 14*1 >— — move in the crope 

At Oberbobiitzsch, 100 lbs. of guano gave an increase of 
produce, containing — 

iritniffai FotMh Pboi|>botio add Lbm 
Ibt. IhB, Ibi. 11m. 

Increaae of produce . 23 0 15*5 6 1 16 9 
The guano contained. 18*0 2*0 18*0 12*0 

More in the numurc . — 5*9 ^ less in tlie crops 

Lev m the manure . 10*0 18*5 — 4-9 more in the crop 

The difference in the effect produced by the guano on 
the two fields is most strikin^dy oxliibited by these tallies. 
At Gimnersdorf the produce reaped contained 30 per 
cent leas, at Oberbobritzsch 77 per cent more nitrogen 
than the manure applied. 
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Poudretto, niton of; imall amomit of tlie food of plnti in it — Hnauui 

excrement, its value — Constractioii of tlte priyieo in the bamcks at 

I?nstadt — Calculation of the amoiint of com produced Ly the excrcniotit 
collected ; iinportauco to tho neighbourhood — Its uiTcct not i!iipain*d by 
deodorising with sulphate of iron — The excrtimuat of thtj inhabiUuU of 
towns aa nunure — Its importanco. 



OUDBKITE, sold as manure, should consist simply 



X of the desiccated cxcrementrs of iHaii made into a 
transportable form. This is not the case, however, as 
most poudrettes coutam, in reality, only a comparatively 
small proportion of excrementitious matter. To show 
this, it will suffice to point out that the poudrette of 
Montfaucon, which is one of the best sorts, contains 
28 per cent., that of Dresden from 43 to 5G per cent., 
that of Frankfort above 50 per cent., of sand No kind 
of poudrette is ever met with in commerce containing 
more than 3 per cent of phosphoric add, and the same 
amount of ammonia. —The construction of privies in 
dwelling-houses (at least, in Germany) does not make it 
practicable to keep out the sweepinprs and otlier rubbish 
of tlie house ; besides, when emptying the pits, it is 
often the practice, after taking out the fluid contents, to 
throw into the residuary mass some sohd porous body, 
such as brown-coal or turf-dust, to make it drier and 
more convenient for removal. All additions of the kind, 
of course, dimiuij^h the percentage of efiective and 
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available food eleraeut<>, and increase the costs of transport. 
— The privy pits, moreover, are but rarely water-tight, and 
permit ihe greater part of the mine and other fluid 
contents to leak away, thus causing the loss of a good 
deal of the most valuable matter, such a,s tlie potiish 
salts, and the soluble phosphates. The following state- 
ment will show the great value of the excrement of 
man. - In the fortress of Rastadt and in the soldiers* 
baixacks in £aden generally, the privies are so con- 
structed that the seats open, through wide funnels, into 
ciLsks fixed upon carts. By this means the whole of the 
excrements, both fluid and solid, are collected without 
the least loss. When the casks are full, they are replaced 
by empty ones,* - 

The food of the soldier, in Baden, consists chiefly of 
bread, but also of certain daily rations of meat and vege- 
tables. As the body of an adult doos not increase in 
weight, it needs no particular calculation to make out 
that the collected excrements must contain the ash-con- 
stituents of the bread, meat^ and vegetables^ and also the 
whole of the nitrogen of the food. 

To produce a pound of com, the soil has to furnish 
the asli-constituents of that pound of com ; if we supply 

* The price ofa cart is from 100 to 125florinB=je8 6$Mto£108i.4d. 
It vill laat about five yean. The original outlay incaxred by the 
Army adnuxiirtiBtion in Baden, in 1856 and 1857, ftxt tihe carts and 
caAs amounting to about 10870, waa speedily repaid out of the proceeds 
cf uie manure. 

The collective number of the garrisons of Constance, Freiburg, 

KaHtadt, Carlsnihe, Bruchsal, and Mannheim, avprages about 8000 men. 
The receipts lor manure sold were in 1852,^^286 ; in 185.S, £315 ; in 
1854, £443; 1825, £400; 185G, £r.G8; 1857, £CG8; 1858, £T.80; 
£50 or £60 are to be deducted from tliesc receiptii annually i'<>r cost 
of maintenance, repair, &c., of the carta, &c. Journ. of the Agric. 
Soc. of Bavaria,' April 18G0. Page 160.) 
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these a8b'<x>nstitueQts to a suitable field, the latter will 
thereby be enabled to produce, in a number of yeara^ 
one pound of com more than it woidd have done 
without this additional supply of nsh-constitueiits. Tlie 
daily ration of a soldier, in Baden, is 2 lbs. of bretid ; 
the excrements of the 8000 men of the different garrisons 
contain accordingly, per day, the aah-constituents and the 
nitrogen of 16,000 lbs. of bread, which returned to the 
soil will fiilly suffice to reproduce the same quantity 
of corn as had been used, in form of floui*, to bake 
thit 1G,01)0 lbs. of bread. Eeckoniog 1^ lb. of com to 
2 lbs. of bread, the excrements of the soldiers in the 
Grand Duchy of Baden give, therefore, annually, the ash- 
constituents required for the production of 4^760 cwts. 
of corn. 

The peasants about Eastadt and the other garrison 
towns, having found out at last by experience the power- 
ful fertilising effect of these excrements upon their 
fields, now pay for every full cask a certain sum (still 
rising in price every year), which not only has long since 
repaid the oricjinal outlay, besides covering the annual 
cost of mamtcnance, repairs, &c., but actually leaves 
a handsome profit to the department. 

The results brought about in these districts are highly 
interesting. Sandy wastes, more particularly in the 
vicinity of Eastadt and CaiL^ruhe, have been luiiied into 
j^uiiluig com-liclds of great fertiUty. A'^>uiiiiiig, for tlie 
sake of illustration, that the peasants had to furnish th^ 
whole of the com produced by means of this manure^ 
to the military administrations of the several garrison 
towns, there would thus be established a perfect circula- 
tion of these conditions of life, which would provide 
8000 men with bread, y«'ar after year, without in the 
least reducing the productiveness of the fields on which 

T 
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the com is grown, because the conditions required for 

the production of coru being thus always returned to the 
soil, would, coutmue to circulate aad yet always remain 
the same.* 

What is said here about the com-oonstituents applies, 
of course, equally to the constituents of meat and vege- 
tables, which, retunicd the Held, will reproduce as 
much HK'ut and veLrci.ihK matter as has been consumed. 
The same relatiuu that exists between the inhabitants of 
the barracks in Baden and the fields supplying them with 
bread, exists equally between the inhabitants of towns 
and the country around. If it were practicable to col- 
lect, without the least loss, all the sohd and lluid excre- 
ments of all the inhabitants of towns, and to return to 
each farmer the portion arising from the produce 
originally supplied by him to the town, the productive^ 
ness of his land might be maintamed almost unimpaired 
for ages to come, and the existing store of mineral 
elements in every feitile field would be ani|)ly bunicient 
for the wants of the iucreasing ])()pulations. At any 
rate, that store is, at present, still sulficicnt to do so, 
although the niunber of farmers who take care to cover 
by an adequate supply of suitable mantu^s the loss of 
mineral matters sustained by the land in the ( rops grown 
on it, is but small in proportion to the whole agricul- 
tural population. However,hSoouer or later, the time 
will come when the deficiency in the store of these 

• Wlit'ii, some years ago, an order was sudtlf uly by the 

authorities «if tho city of Carlsmhc, to ck'odorise and disinfect the pits 
and ccF^pools wwh Hiilphate of iron, beforr" bciTiir onipticd, the fnrmcrs 
r«?tuscd at hrst to pay any longer for th'- ((mtriits, wliich tin y argued wore 
by this treatment deprived of tlicir fcrtiliiiing vii luti. Exi)criencc has 
fhown that tliib id not the case, juid the disinfected duncr commands ;ui 
high a price ik>w aa the article in its pure stiito did lurmcdy. The dung 
in the privy carts requires no difflniecting. 
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mineral matters will be important enough in the eyes of 
those who are, at present, so void of sense as to believe 
that the great natural law of restoration does not ap[)ly to 
their own fields; and the sins of the fathers, in this 

respect, will also be visited upon their posterity. In 
matters uf this kind, inveterate evil habits are but too 
apt to obscure our better judgment Even the most 
ignorant peasant is quite aware that the rain faihng 
upon his dung-heap washes away a great many silver 
dollars, and that it would be much more profitable to 
liim to liiu e on his fields what now poisons the air of his 
house and the streets of iiis village ; but he looks on un- 
concemed) and leaves matters to take their course, because 
they have always gone on in the same way. 



T 2 
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CHAPTER VIIL 

EAKTHY PHOSPHATES. 

High afrricnltunl Tilne of phosphatM — Phoflphates of ! selectioo 

of the kind to be VMd dependent on the object in view, and on tho nature 
of the soil — The rapidity and the duration of tho ctK'ct of tlir uentral 
and of tho Holuble phc^phate (superphosphate) of lime— The i:>axon 
manuring experimeuta. 

rIE earthy phosphates are among the most important 
fijrents for restoi ing the impaired productiveness of 
land ; not that they influence vegetation in a more marked 
manner than other mineral elements, but because the 
system of cultivation pursued by the com and flesh pro- 
ducing farmer tends to remove them from the soil in 
larger proportion than other constituents. 

In choosing among the phosphates of conimerce, the 
fiarmer should always keep in view the object which he 
intends to accomplish, as some sorts will answer better 
for certain purposes than others. 

The 8(M5aUed 8uper[)hosphates are commonly phos- 
phates to which a certain quantity of sulphuric acid 
has been added, to convert the ins<*hible neutral lime 
salt into a soluble acid salt. When mixed with a salt 
of ammonia and a salt of potash, they are oiten called 
guano or ammoniacal superphosphates. A good eapesr- 
phosphate generally contains from 10 to 12 per cent, of 
soluble |)]iosphoric acid. On land poor in clay and lime 
the superpliosphates are jxuticularly suitable for supply- 
ing the upper layer of the soil with phosphoric acid. 
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Their effect upon the produce of potatoes and of cereals 
on such fields is equal to that of Peruvian guano. For 

turnips and rape, which derive advantage from the pre- 
sence of sulphuric acid, they have a special value. 
On chalky soils, the free phosphoric and sulphunc acids 
are immediately neutralised, by which they are deprived 
of (me of their essential properties, viz., their ready 
diffusibility, which renders them so valuable a manure 
for other soils. 

Among tlie neutral phosphates bone-dust holds the fu^t 
rank. When bones are exposed, under high pressure, to 
the action of steam, they lose their toughness, and swell 
up into a soft gelatinous mass, which, after drying, may 
be readily ground to a fine powder. In this form it 
spreads, with great rapidity, through the soil ; it tlissoh'es 
in water to a small but })crcoptil)le extent, without requir- 
ing the presence of any other solvent. What dissolves, 
under these circumstances, in water, is a combination of 
gdatine with phosphate of lime, which is not decomposed 
by the arable earth, and therefore penetrates deep into 
the ground — a property wanting in the superphosphate. In 
the moist ground, however, the gelatine speedily putreties, 
being converted into ammonia compounds, and the phos- 
phate of lime is then retained by the arable earth. Bone- 
dust is the agent best adapted to supply phosphate of 
hme to the deeper layers of the arable soil, for which 
purpose the superphosphates are not suit-iiblc\ Bone- 
carth, or bone-ash, is the name applied to bones freed, by 
calcination, from the glue or gelatinous part The animal 
charcoal of sugar refineries belongs to this eatery. 
It must be reduced to the finest powder to render 
it fully a\ailable for manuring purposes. To eirect 
its more s})eedy distribution through the soil, the pre- 
sence of a decaying organic substance is necessary to 
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supply the carbonic acid required for its solution in raia 
water. An excellent way is to miz the powder with 
fonii-yard manure and let the mixture ferment Among 

the phosphates of commerce, the guano cominrr from the 
Bakc i and Jarvis Isliinds are distinguished, before others, 
by their acid reaction and greater solubility. They con- 
tain only a small quantity of an azotised substance, no mic 
acid, and small proportions of nitric add, potash, mag- 
nesia, and ammonia. The Baker guano contains as much 
as 80 per cent., the Jarvis guano 33 or 34 per cent, of 
phosphate of lime ; the latter having, besides, 44 per 
cent of gypsum. In difTusibility, these guanos, when 
equally finely powdered, approacli nearest to bone-dust : 
their condition also enables the farmer who wishes 
to accelerate their action, to convert them most readily 
into superphosphates (100 parts by weight of Baker 
guano ivquirc 20 to 25 per cent, of concentrated, or 30 
to 40 per cent i>r tlic lead chainlK i sulphuric acid). 

The influence of these neutral phosi)hates upon the pro- 
duce of a field is generally less marked in the first than 
in the following years, as it takes a certain time to effect 
their diffusion through the soiL The speedier or slower 
roanilV'statiou of their action upon a field depends, in a 
great measure, upon the state of fineness of the po\tder 
to which they have been reduced, the greater or less 
porosity of the soil, the presence in it of decaying mat- 
ters, and careful tillage; but, under any circumstances, 
they require a certain store of soluble sihcic acid, and of 
soda and pota^^h in the soil. 

The subjoined table giving the produce obtained, in Uie 
years 1847-50, by II. Zenker, at Xleinwolmsdorf, in 
Saxony, shows the difference between guano and bone- 
dust as regards rapidity and duration of action. In the 
first year tlie guano gave the huger produce, which 
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became smaller in each following year; in tbe first year 
the crop from the bone-dust was smaller, but in the suc- 
ceeding yeai'6 the increase was most remarkable. 





Bone-da«t lbs.) 


Cluajio (411 n>^.) 














y " 

Com 


Bbaar — ^ 


Om 


^^^^^ '~N, 


1847 

Wintw corn • • • 


8798 


4881 


Ibik 
8061 


llM. 

4711 


1848 

Baxlej . . , . 


2862 


8610 


2484 


3201 


1849 

Vetdiei 


1691 


6697 


1096 


4450 


I860 

Winter corn . 


1351 


2768 


732 


2481 



The 411 lbs. guano contained 53, and the total produce 
271 lbs. of nitrogen, or very nearly five times mora 

The bone-dust contained 37 lbs. of nitrogen, whereas in the 
total produce there were 342 lbs.,orneai ly nine times mure. 
The bone-dust gave in the crops altogether 7 libs, of 
nitrogen more than the guano. Between the quantity of 
nitrogen in the manure and the amount of the crops 
reaped, there is, therefore, no connection whatever. 

In the Saxuu experiments, the pl<)ts manui'ed with 
boue-dusL gave the following results : — 



Mamring with bom dwt. 









ObMbrtKllMOll 




Quantity of bone<4iut used 


llM. 

823 


Urn. 
1288 


lb*. 
1644 


Iba. 
892 


1851 

Kjro corn 

0bMW * * • 


iaii9 
4167 


1429 
8707 


2230 
6036 


1982 
4866 


1862 
Potatooe , 


18250 


19611 


11488 


19483 


1853 

Oat ooni • • . 
It straw t , • 


8346 
3106 


1108 
1224 


1718 
1989 


1405 
1906 


1864 

Clover . . . , 


10393 


2186 


7145 


6639 
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InereoM ofpfodnei over the wunanuredjlstd (see page 190). 





Coimendoit 




Obertwbritzsch 


MKiucgaat 


1861 

StJTIiW • ■ » 


227 
1216 


Um. 

166 
694 


Iba. 

777 
2021 


ItM. 


1852 

FotAtoes 


1583 


934 


1737 


2587 


1863 

Ost COfD ... 


827 
642 




190 
167 


116 
66 


1864 

Clow « ■ • . 


1249 


1091 


6234 


101 



The field at ExStitz got 50 per oent more bone-dust 

tliaii the Cunnersdorf Held ; yet its produce of all the 
crops was lower tlmu that of tlie latter. The field at 
Oberbobritzsch got, in 1851, twice the quantity of manure 
tliat was applied to the Ounnersdorf field; the result 
was, in the first year, an increase of com of 250 per 
cent., and of straw of 66 per cent, more on the former 
than on the hittei-. In the third year, however, the 
increase of produce of oats, both in ^ain and 8traw, 
was considerably laiger at Ounnersdorf than at Ober- 
bobritzsch. 

The most curious part of die results is tihe great difier- 
ence in the increase of the produce of clover on the 

several fields ; from the field at Oberbobritzsch nearly 
six times as much clover was obtained as from that at 
Kdtitz, although the former had received only one-fourth 
more bone-dust than the latter. 

A glance at the table shows that in the experiments at 
Cuunersdorf, Kotitz, and Oberbobritzsch, the quantities 
of bone-dust severally ap|)licd as manure were as 
1 : 1^ : 2. A comparison of the increase of produce 
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obtained by bone-earth, just as in the case of guano and 
fenn-yard nianuFe, again demonstrates ihat there is no 
connection or relation of dependence between the amount 

of maume aud tiie iucieu^e ui tiie crops. 



100 i&ne-duti gaoe tnenau ofptwbtce 











ObRbotariCmb 


Bye and 4 


1851 and 1858 

MtB • . . • 


tbi. 
280<6 


Ttm. 
401 


tlx. 
181 


Potetofls 


1862 


192 


76 


106 


Clover 


1864 


152 


96 


880 
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CHAPTEB IX. 

GROUND BAPB-OAEB. 

Nature and compoation of; the difTusibilily of ita ccmafitaanfa in the aoU ia 

conlpa^ati^ civ irfcnt — Its inip »rtanco ns n TiiiTUiring' njrcnt is smnll — 
The Saxou agricultural experiments with rapo-cake — Tlic iufereiicea from 
them. 

riTEIE residuary mass left by rape -seed after the extrac- 
i tion of the fatty oil from it by the pre.^s, contains a 
large proportion of a matter abouuding in nitiogiii, 
which is nearly related to the casei'a in milk. In addi- 
tion to this substance, it contauis the same incombustible 
or ash-constituents as the ashes of seeds. The rape-seed 
ash consist.s of phosphates, and diflers but httle in com- 
j)osition from tlie asli of the grahi of rye ; phosphates of 
the alkalies and phosphate of magnesia predominate in it. 
There is no great error made in assuming that in 100 lbs. 
of rape-cake a field receives the same amount of the 
incombustible constituents of rye grain as is contained in 
250 to 300 lbs. of the latter. 

The azolised matter in rape-cake p<A\(K'r is sUghtly 
soluble in -water, but its solubility increases with inci- 
pient putrefaction ; hence the nutritive matters contained 
in it are much more widely diffused in the ground than, 
for instance, the principal ingredients of guano, ammonia, 
and phosphoric acid, wliioli are absorbed, as soon as dis- 
solved, by the cartJi particles that come in contact with 
them. Whereas with rape-cake powder this takes place 
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only aflter its azotised matter has been completely decom- 
posed, and its nitrogen converted into ammonia. This 
decomposition proceeds, however, pretty fast, and the 

effect of ra]:)e-cake makes itself full, accordingly, iu tlie 
very first year of its application. 

It is owing to this greater diffusibiiity of its consti* 
tuents in the earth that rape-cake appiears to exercise a 
somewhat more powerful effect upon vegetation thanguano, 
for instance, with an equal amount of phosphoric acid. 

However, rape-cake holds no very impiji tant rank as a 
manure, simply because very few agriculturists are in a 
position to procure any considerable quantity of it for 
manuring purposes. Besides^ when its great Wlue as an 
article of food for cattle shall be more universally known 
and acknowledged, the increasing price will restrict, still 
more, its use as a manuring agent ; the more so since the 
excrements of animals fed upon rape-cake contain the 
principal bulk of the constituents to which is due its 
efficacy as a fertilising agent 

The following results were obtained, in the Saxon e:^- 
riments, by manuring with ground rape-cake : — 





Cmux-rsrlorf 




Kiititz 


OU-rl«,tirltJ»ch 


M(uiim » • • 


1614 


Ibt. 
1865 


1849 


ItM. 

8288 


1861 

liye corn 


isns 


2^45 


l.')7H 
4218 


1946 
4475 


1852 

JENitstOM • • > 


17374 


18997 


19166 


10442 


1853 

Ost com • . • 

1) StTBiW • * ■ 


2052 
2768 


Iwrlcy 
1619 
2208 


1408 
1560 


1617 
1939 


1854 

Clover .... 


9143 






210.5 
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Increase of produce over the wmamred field (see p. 190). 





Cuimc ratio rl 


MttttKgMt 




OktcttiPbritzcch 


Amount of nitrogen in 
manure 


Um. 

78*9 


Vtm. 

88-8 


Um. 

89 


Vtm. 

167-8 


1861 

Bj0 OOVD • • • 
1^ MsWr • « • 


898 


407 


814 


498 


1888 

PotatOM 


707 


2101 


888 


691 


1888 

Oat com ... 

n stSftW • • ■ 


88 
808 


330 
408 


89 
198 


127 


1654 




1121 




1194 



Here, agaiii, we see, as in the case of farm -yard 
manure, guano, and bone-dust, that on no one £eld did 
the efiect of the rape-cake bear any visible proportion or 
relation to the quantity used. 



1000 tti. of ground rape'Cako ga»e mer§Me of produce 









SHfettB 






ibt. 


ii>«. 






1881 








Ry^ eom tad ttew 


2180 


989 


880 


894 


1853 










Oat com and straw 


147 


424 


141 


39 


1862 










Potatoes . • 


438 


1132 


318 


210 


1864 










Clover-hay . ♦ . 




604 




332 



These experiments are interestinnr in reference to the 
efiect of the nitrogen supplied in the manure. A com- 
parison of the increase of produce obtained at Ober- 

bobritzsch, severally by guano and ground rape-cake, 
gives the following result in this respect : — 
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ObtrMritzteh, 

6nib8.Ktumo IMS lbs. irronnd niMflike 
mBO Ib«. DitrogHi IE 1&7-8 Ihs nitrogon 

and 74 Itw. and 89-6 lbs. 

phoephif nr\A photiphoric acid 

1851 and 1853. Rye and oats . 450o ibs. 20G9 Iba. 

1852. Potatoes . . , 8979 „ 691 „ 

1854. Clover-hay . . . 4133 „ 1194 „ 

The one field at Oberbobritzsch received in the ground 

rapc-cake neai'ly double the quantity of nitrogen that the 
other got in the guano, and the diflerence in the produce 
of the two is in the highest degree striking. 
In the two experiments— 

In fli« In the 

guaoo rape-cake 



The mtrogen inthe mairoxeB was as . . 1 : 2 

In. the produce it was: 

„ . onealsy as 2 : 1 

„ potatoes, as 5*7 : 1 

„ dover, as ..... 8*4 : 1 



The efiect of the nitrogen in the guano was, aocordingly, 
in the cereals four times, in the potatoes twelve times, 
and in the clover seven times, greater than that of the 

nitrogen in the rape-cake. 

Upon comparing the increase of prorluce witli the 
amount of phosphoric acid in the two manures, we ^d 
that this increase appears to bear some proportion, though 
yet by no means a definite one, to the amount of phos- 
phoric acid severally contained in them. 

The general results of the experiments made, in a four 
years' rotation, on four different fields at Cimnersdorf, 
Mausegast, Kotitz, and Oberbobritzsch, may be summed 
up as follows : — 

The 48 harvests firom the unmanured plots and fix)m 
those manm^ severally with bone-dust, guano, and 
ground rape-cake, gave in rye grain and straw, in potatoes, 
in oats grain and straw, and in clover, by manuring with — 
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Boae^iiik Ooim Oioaiid nv»«iln 

ItM. Ita. ItM. 

Total amount of nitrogen in crops . 1170 11S9 1046 
Total amount of nitrogoi in cfopa 
feom nnmanuied plots . 910 910 910 

Increaoe of nitrogen over tbc un- 
matured plote ... 260 229 136 
Th« mannre contained nitrogen • 207 256 415 

More than in maniue ... 53 less 7 leas 279 

The manure poorest in nitrogen (the bone-dust) 
thus actually gave tlie highest, and the one richest in 
nitrogen (tlie rape-cake) the lowest, amouut of that 
element in the produce. 

To 100 lbs. nitrogen in the manure, there uras obtained 
of that element in the increased produce — 

Bybone-dttst . . . . 125 lbs. 

„ guano 97 „ 

„ npecalce 82 „ 

The amoimt of phosphoric acid in the crops was 
from — 

BoTio-chiat OoAQO Oroand rnpe.cako Umnanurod 

lbs, llw. IbB. 

P1u»phoric acid . 3CA 362 838 292 

The manure contained 1102 288 86 — 

The fields gained .741 — — — 

Thefieldaloat . . ~ .74 252 292 



Digitized by Go 



2^7 



CHATIEB X. 

WOOD-ASH. 

The amount of the food of plants in it — Box-wood ash frfves onlv the half 
of its potash readily to water — Convenience in mixing wood-a«h with 
earth he£on applj-ing it— lisiviated •A, it* ▼•Iw— Proper mode of 
applying aaliw as a mamire. 

IT has already been stated that the proportion of potash 
is very dissimilar in different wood ashes ; those 
iVoiii hard wood being generally richer in that substance 
than those from soft wood. The ash of beech-wood 
gives up to water the one-half of the ])ot<'ish in it, in the 
form of carbonate of potash, the other half remaining in 
combination with carbonate of lime^ in a compoimd which 
is only very slowly decomposed by cold water. The ash 
of pine-wood generally contains, like tobacco ash, a 
larger proportion of linie, so that cold water o£ten seems 
to fail altogether in dissolving any carbonate of potash 
out of it However, the continued action of water bug- 
ceeds always in graduaUy extracting from all these ashes 
the whole of the potash ; and since they can be easily 
ploughed deeply in, they are suited better than all other 
potash compounds to enrich with that alkali the deeper 
layers of the arable soiL With wood-ashes that part 
readily with thdr potash to water, it will be found useful 
to mix the ash, before applying it, with an eaith that 
absorbs potash, addinu so mucli of the latter that water 
poured upon the mixture will no longer turn reddened 
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Htmiu-paper blue. This operatioii of mmng can best 
be performed on the field iteelE 

Wood-ash which has been extraeted with water, such, 
for instance, as the residue left in the preparation of 
potash, possesses for many Helds a Iiigh value as a ma- 
nuring agent, not only on account of the potash alwajrs 
present in it, but also of the pho^hate of lime and soluble 
ailidc acid it contains. 

As tlie upper layers of our corn-fields contain ahcady 
naturally aii excess of potash, in proportion to the other 
food elements, ash-manuiing, when coniiQed to the 
surface soil, rarely exercises a lasting effect ; but where 
the ash is carried down to the proper depth, it affords an 
excellent means of obtaining permanent crops of clover, 
turnips, or even potatoes. Intelligent manufacturers of 
beetroot sugar use with great success tlie rebiduaiy 
matter irom the distillation of their molasses, which con- 
tains all the potash-salts of the beetroot, for manuring 
their fields, to restore to them the potash removed in the 
beetroot-crops. 
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^ CHAPTER XL 

s. 

AMMOKU AND NITBIG ACID. 

Source of the nitrogen of plants — Amount of ammonia and nitric acid in 
nin and dew : Hneau, Boussingault, Enop — Quantity of ammonia in tlio 
mx — Quaiitifjc of nitrogeiioui food bnniglit to ih» aoO yaarlj by rain and 
dew; more pre^nt in the loQ than is remoired bj the crops — the 
pcP'^rnl reason for decrease of productive power in soils — Classification 
of manures according to the amount of nitrogen; assimilable and spar- 
in^jr assimilable nitrogen ; the nitrogen theory ; only ammonia according 
to this theofyia wmntmg^ leaembknce to the hiimiisiheoi7~Manimng 
e]cperimcnt.s with compounds of ammonia by Schattenmann, by Lawea 
and Gilbert, by the Agricultural T'nion of Muuicli, and by Kuhlmann — 
The efficacy of a manure is not in propurtiun to its amount of nitrogen : 
acperimenti— Lai^e amoimt of nitrogen in soUa; the experiments of 
Sdmiid and Fiene ; the anUe atit&oe soil cwmtaina moat nitvogeo — 
Form of tlie nnimonia in the soil; Mayer's experiments — Comportment 
of soil and farm-yard manure with the alkalies— The ineffective uitro^n 
of the soil made cHliCtive by the supply of ash-constituents that an; 
wanting ~ Progress in agricidtaie impoaaibla if dependent on a supply 
of ammoniacal oompounda; xesolts of Latwea* ezperimenta with aalta oi 
ammonia — The artificial supply of ammonical manures contrasted witli 
the crop3 produced and the incroa.ie of population — Increase of nitro- 
genous food by natural means; formation of nitrite of ammonia by oxi- 
dation In the air aocpidingto SdionWm — Supply of food in exoeas neces- 
aaiy to pxodttce eom-erapa ; ressons — Howthe neoessaiyezoeaa of idtro- 
genous food for com may be obtained from natural sources — The supply 
of nitrofren in farm-yard manure in the Saxon experiment.'? corresponded 
to the crop of clovcr-hay — Loss of nitrogen In lime soils by oxidation ; 
utility of a supply of nitrogen to aneh soils — EfRwt of nitKOgenona food 
on the aspect of young plants; on potatoes— ^pineal and lational 
iTatems of agriealtnie. 

FEOM the results of a series of most carefiil observa- 
tions extendiDg over a number of years made by 
Bineau in difierent parts of France on the amount of 

ammonia and nitric acid in rain water, it appeals that 
there fell annually upou the area of a hectare(=24 acres) 
27kilogrammes(s=s59 lbs.) of ammouia(=22kilo.=4blbs. 

u 
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nitrogen), and 34 kilogrammes (=75 lbs.) of nitric acid 
(=5 kilo. =11 11)9. nitrogen); altogether, therefore, 
27 kilo, or 64 ZoUv. lbs. (»59 Iba. Eng.) of Ditrogen. 

For an English acre this makes 21*9 ZoUv. lbs. 
(^24 lbs. Eng.), and for a Saxon acre 30 ZoUv. lbs. 
Thoc numbers nearly couicide with the obseivations of 
Boussiiigauit uud Knop. 

The yearly average quantity of rain falling in various 
dbtricts^ according to the position and elevation of the 
localities, is very unequal ; and investigations have shown 
that die amount ul' aiunionia and nitric acid contained in 
rain-water bears an inverse proportion to the quantity of 
rain. In districts where the rain ikils more seldom or 
less in quantity, the water is richer in these constituents 
than in more rainy districts. According to Boussingault, 
dew is richest in ammonia; according to Enop, not 
richer than rain-water. (See liis valuable memoir in the 
8 hefte der ' Landw. Veri>uchstat. in Suciisen.') But plants 
receive ammonia and nitric acid not merely by means of 
rain-water derived from the ground and in dew, but also 
directly from the atmosphere. The experiments of 
Boussinganlt Anna! de Ohem. et dePhys.,' 3 ser. t. liii.) 
leave no doubt whatever with regard to the const^mt 
presence of ammonia in the air. In a kilogramme of 
the following substances heated to redness, he found 
these quantities of ammonia, after three days* exposure 
to the air upon porcelain plates : — 

In 1 kilo, quartz-sand . . O'CO milligr. amm<»ua 

1 „ bone- fish . . 0*47 „ 
„ 1 „ charcoal . . .21) 

Although we can estimate with tolerable certainty the 
quantity of ammonia and nitric acid which a field 

annually receives in rain-water, jet the determination 
of the bame in the dew which moibtens plants is not 
practicable. Just as little can we discover how much 
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ammonia or nitric acid is received by plants diiectly from 
the air, simultaneously with carbonic acid. 

In the elevated plateaus of Central America, where it 
scarcely ever rains, the cultivated and wild plants receive 
their nitrogenous food only from the dew or directly 
from the air ; and we may aj^sumu, without risk of error, 
that the plants which grow in the cultivated fields of 
Europe have as much ammonia and nitric acid furnished 
to them by the air and the dew, as is conveyed to them 
in rain-water. A sandy plain, where no plants grow, 
receives fix)m the rain as much ammonia and nitric acid 
as a cultivated field ; but the latter derives a greater 
quantity through the plants, and more from the leaty 
plants, than from those which are poor in leaves. Let 
us assume that in the Sazon experiments the cereal 
plants, potatoes, and clover, raised upon the immanured 
land, derived the whole of their nitrogen from the 
groimd, and that nitrogenous food liad not been received 
either from tlie air or from the dew ; then the profit and 
loss of the field in nitrogenous nutriment (according to 
the assumptions made p. 228, that -j^ of the nitrogenous 
constituents in dover and potatoes were carried off in 
the form of cattle), may be thus represented : — 

ThefOd at Ckumersdorf, 
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It is hardly necessary to carry this calculation any 
further ; for all give the same result, viz. that even on the 
most unfavourable supposition^ a field receives back, by 

the raiu [done, actually nioiv, certainly not less, nitrogenous 
nutriment, than it loses in the ordinary course of agri- 
culture. 

This fact may well justify the assertion that a farmer 
need trouble himself as little about a compensating 
supply of nitrogen, as of carbon. Both are, in feet, 

originally constituents of tlie air, or capable of again 
becoming air constituents, and are in the circulation of 
life inseparable from one another. 

From the presence of ammonia and nitric acid in rain- 
water we are led to infer that a source of nitrogen exists, 
which without the aid of man, supplies plants with this 
necessary nutriment. With regard to the other nutritive 
substances, such us phosphoric acid and potash, whicli of 
themselves are not moveable, this restoration i^om natural 
sources does not exist. Hence, we might have supposed, 
that when inquiry was made as to the. causes which, in 
consequence of cultivation, diminish the productive power 
of laud, the reason of such decrease would first and 
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chiefly have been sought in those nutritive substances 
which are of themselves immovable, and not in those 
which possess the power of circuladon ; especially when 
it was ascertained that part at least of the latter sponta- 
neously came back to the field every year, iiut at every 
stage in the developement of a science^ preconceived 
ideas will for a time assert their sway ; and such is the 
case with those notions which ascribe to nitrogen a pre- 
eminent importance in the cultivation of laud. 

In the consideration of a natural pliuuomenon, and in 
the investigation of its causes, we cannot tell at £rst 
whether it be simple or compound ; whether it be due to 
one or to several causes ; hence we are led to attribute 
the results to those alone which are Jirst discovered in ope- 
ration. No long time ago, people believt'd ihaL all the con- 
ditions of growth lay in the seed alone ; then tliey found 
that water^ and next that the air, had a veiy decided 
influence; bye-and-bye they ascribed to certain organic 
remains in the ffraund^ a most important part in the 
fertility of the soiL When at length they discovered 
tliat, among all the substances used for manure, the 
excrements of animalr^ and the parts and constituents of 
animals, surpassed all the rest in operative power ; when, 
too, chemical analysis had shown that nitrogen was the 
chief element in these substances, it is not surprising 
that nitrogen was then esteemed the sole, and afterwards 
the [)rincipal, agent in manure. 

This process of reasoning is in accordance with nature, 
and cannot be found hxdi with. At that time, it was not 
known that the ash constituents of plants, potash, lime, 
and phosphoric acid, play as important a part as nitrogen 
in the vital processes of plants ; nay, not even an idea 
had been formed of the manner in which the nitrogen of 
nitrogenous compounds operates. Men simply held by 
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the fact that horn, daws^ blood, bones, uiine, the solid 
exdcmentB of animals and men, exerted a &voiirable 
influence ; while woody substances, sawdust and similar 

materials, had no effect, < >r as good as none. If in the one 
case the presence of nitrogen was ibe reason of activity, 
so in the other case the want of nitrogen caused the want 
of activity; in short, by the operation of nitrogen all 
&cts seemed to be harmoniBed and explained. 

If the nitrocrenous manures depended for their activity 
upon the nitrogen which they coiit^iined, it followed 
neco!5*<arily that all of them could not possess the same 
value for the fanner, because they did not all contain the 
same amount of nitrogen ; those which had more of this 
substance were manifestly more valuable than those which 
had less. The amount of nitrogen was easily determined 
by clieinieal analysis ; hence arose the idea to draw up 
for the benelit of farmers a list of manures with a liinire 
attached to each showing its relative value ; those which 
were most abundant in nitrogen were considered the 
most valuable, and stood highest in the list 

In this valuation no importance was attached to tlie 
form which nitrogen assumed in the varions manures, and 
just as httle to the substances wliich were present along 
with the nitrogenous compound. In this list it was quite 
immaterial whether the nitrogenous combination was in 
the form of gelatme, horn, or albumen ; or whether these 
Biil>-t:in('es were or were not accouipauied by earthy or 
alkaiiiie phosphates. Dried blood, claws, horn shavings, 
woollen rags, bones, rape-cake meal, all iigured in one and 
the same list 

As no definite combination was understood by the 

word 'nitrogen,' it was impossible to prove that the 
operation o( nitrogenous manures bore any proportion to 
the amount of nitrogen which they contained. 
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The intioductioii and application of Peruvian guano and 
nitrate of soda aflbrded the so-called mtrogen theory 

a fouiKlation to rest upon ; no manure could be com- 
pared wilii giumo for abundance of nitrogen, while it 
surpassed all others in the rapidity and strength of its 
action. The powerful effect produced by it coincided 
entirely with the nitrogen theory ; it corresponded with 
the high amount of nitrogen in the manure, and chemical 
analysis furnished satisfactoiy conclusions witli regiud to 
the rapidity of its action. The fact that tlie inlliiencc of 
guano in increasing the crops was generally more rapid 
than that of other manures containing an equal amount 
of nitrogen, made it evident that some one of its consti- 
tuents possessed a peculiar power which was not present 
in the other manures ; and this constituent was 8U])posed 
to be more conducive than other nitrogenous compounds 
to the growth of plants. 

Thediacovery of this constituent presented no difficulty. 
Chemical analysis showed that Peruvian guano was very 
rich in salts of ammonia, and that one-half of its nitro- 
gen existed in the form of ammcniia. But anniivuiia was 
already well known as an element of nutrition for plant*!, 
and this afforded an easy solution of the rapidity which 
marked the operation of guano. Peruvian guano accord- 
ingly contamed in a concentrated state in the ammonia 
one of tlie most importunt nutritive substances for plants?, 
and this nutriment when disp( i d m the soil could be 
directly assimilated by their roots. 

Erom this time forward a distmction was drawn be- 
tween the various kinds of nitrogenous manures, and 
^ aammilable ' nitrogen was discriminated from that which 
was termed ' sparingly a^isimilable.* Assiiiulable mtrogen 
was understood to mean ammonia and nitric acid ; but 
the term ^hard of assimilation* was apphed to other 
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nitrogenous Bubstances, which could not be made efiective 
until their nitrogen had been converted into ammonia. 
The effect of guano in raising large cropa of com was 

iiiidciiial)le : hoTKT' it was accurdiiig to theory assumed us 
incontestaliKs that its ojxjration depended u[>oii tlie 
amount of nitrogen contained in it; it was further 
considered as certain, that ammonia was the most ^ective 
portion of the nitrogen in guano. It followed, therefore, 
as a matter of course, that the operation of guano could 
be produced l)y substituting a corresponding quantity of 
salts of ammonia ; and the paitisaiLs of this theory 
believed that to increase com crops at pleasure, nothing 
further was necessary than to procure the requisite quan- 
tity of salts of ammonia at a reasonable price. Humus is 
the only thing wanting; such was the earli^ opimoiu 
Now, it is annnonia is tlie only thing wanting. 

This conclusion was an immense step in advance as 
regards the views of the importance of nitrogen for 
plants. Instead of attaching no determinate idea to the 
word * nitrogeiV the term had now a fixed and definite 
meaning. That which formerly was called nitrogen was 
now termed ' anmi tn: !,' an intelligible, ponderable com- 
pound separable iiom all other substances which are 
likewise constituents of nitrog^ous manures, and capa- 
ble of being used in experiments, in order to test the 
truth of the theory itself 

If the openitiuu of guano bore any proporti(^n to its 
nitrogen, then a quantity of ammonia containing an equal 
amount of nitrogen must produce not only the same, but 
a much greater effect ; for one^half of the nitrogen in 
guano exists in the form which is difficult of assimiladon, 
whereas the ammonia could be entirely assimilated. 

If in any single experiment, tlie guano produced a 
powerful effect, and the coirespouding quantity of am- 
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monia was inoperative or weaker, this experiment would 
be amply sufficient to confute the notion which had 

been attached to nitrogen. For if this notion was cor- 
rect, the ammoTiia ought to operate in all cases in which 
the guauo opeiuted, and exactly in the same manner. 
The oldest experiments in this direction were made by 
Schattenmann Compt rend.' t xvii). 

He manured ten plots of a large wheatrfield with sal 
ammoniac and sulphate of ammonia ; an equally large 
plot remained unmanured. Of the manured plots, one 
received 162 kilogrammes (=366 lbs. Eng.) per acre ; the 
others received the double, treble, and quadruple quanti^ 
of each of these salts. 

The salts of ammonia (says Schattenmami, p. 1130) 
appear to exert a rein.iikablc influence upon wheat ; for, 
only eight days after manuring, the plant assumed a deep 
dark-green colour, the sure sign of high vegetative power. 

The returns obtained by manuring with the salts of 
ammonia were the following ; — 
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It is easy to see that the expectations which had been 
founded upon the deep dark-green colour were not 
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lealised. The aalts of ammoma were so fai from exertmg 
any influence in augmenting the corn-crop, that they* 
diminished it in every experimait In the carop of straw 

there was a small increase. 

In these cases the salts of ainmoma, had not enlarged 
the com crop, but had produced the oppoaite effect from 
guano, by which com crops are generally augmented. 

These experiments cannot, however, be regarded as 
decisive proofs agauL^t tlie view of the action of ammonia, 
because a eoniparative ex})eriment with guano was not 
made at the same time and place. It is not impossible, 
that upon this particular field guano might have produced 
the same results. Some years later, Lawes and GKlbert 
published a series of investigations, which seemed to 
establish the operative j)()wer of ainuionia, or rather of 
salts of ammonia. The.^c invest illations were intended to 
show, that the incombustible nutritive substances of wheat 
were not, of themselves, sufficient to enhance the fertility 
of a field, but that the crop of com and straw stood 
rather in proportion to the supply of ammonia. In feet, 
that increased crops could ])e obtained by salts of am- 
monia alone, inasmuch as lutrogeuous manures were pecu- 
liarly adapted for the cultivation of wheat. 

The experiments of Messrs. Lawes and Gilbert are very 
far, indeed, from proving the conclusions which they wish 
to draw ; they establish rather the fact that these gentle- 
men have not the slightest notion of what is meant by 
argument or proof. 

They did not attempt to discover whether salts of 
ammonia alone could produce from one portion of a field 
continuous larger crops than were yielded by an un- 
mauiu'cd portion of the same field. 

Neither did they attempt to discover what crops woidd 
be yielded by an equal plot of ground by manuriog with 
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superphosphate and potash salts during a series of yeazs. 
But in the first year they supplied a plot of ground 

ior ;l whole series of years witli the constituents of 
corn and straw, phosphoric acid and silicate of potash 
(560 lbs. of bone-eartli rendered soluble by sulphuric 
acid» and 220 lbs. of silicate of potash), and manured 
itf in the following years, with salts of ammonia only, 
and th^ would have us to believe that the increased 
crops obtained under these circumstances were due to the 
operation of salts of ammonia alone I 

The imperfect nature of the experiments made by 
Messrs. Lawes and Gilbert will appear, perhaps, more strik- 
ing, if the question which ihej pretend to solve is stated 
in another form. We will assume that the point to be 
proved was, that the liij/li additional crops, yielded by a 
wheat field manured witli gu nK >, were due to tiic operation 
of the salts of ammonia in the guano, and that its other 
constituents had no share in the work. If the guano had 
been lixiviated with water, and two portions of a field 
had been manured, the one with guano, the other with 
the soluble co}i'<titnents of an equal quantity of guano, 
only two cases could occur ; the crop of both plots would 
be either equal or unequal If the crops were equal, it 
would be manifest that the insoluble eansikuenta of the 
guano had no effect : if the crop upon the plot manured 
w^ith guano was *rreater, it woidd be ceitam that the 
insoluble constitm iit,s (mineral <'onstituents, as Messrs. 
Lawes and Gilbert would term them) had some share in 
producmg the additional crop. The extent of this share 
could perhaps be detennined, if a third plot were 
manured with the insoluble constituents, i e. with the 
lixiviated residue of an equal quantity of guano. 

If an experimentalist, in carrying out his proof, in- 
stead of following this method, had, on the contrary. 
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lixiviated the guano, and manured a plot of ground in the 
Jirat year with the inaoUMe constituents of the guano, and 
in the subseguent years, with the sohtble constituents — and 

if he had uiaiiitained that these soluble constituents, in 
other words, the salts of ammoma iu the guano, had alone 
produced the high additional crops, and that these bore a 
proportion rather to the salts of ammonia than to the 
incombustible constituents in the guano, we should have 
good grounds for concluding that he had simply deceived 
hinisflf ; for, in point of fact, the field had ])cen manured, 
not with salts of ammonia alone^ but with ail the consti- 
tuents of the guano. 

What has here been said in reference to guano, 
which, as before mentioned, has the same effect as a 
mixture of superphosphate, potash, and salts of ammonia, 
may be hterally apphed to the experiments of Lawes and 
Gilbert. 

They manured their field, in the first year, with a quan- 
ti^ of soluble phosphoric add, lime, and potash, which^ 
very nearly corresponds with the amount of these sub- 
stances in 1750 lbs. of guano; and in the subsequent 
years they a|)[)lied salt.s of aniinonia. The arable surface 
soil of the field had, by previous cultivation, been mani- 
festly exhausted of nitrogenous food ; and, under these 
circumstances, the only wonder would have been if the 
nutritive substances which operate in guano had been 
able, without amiuonia, to yield as large a crop as 
witJi ammonia. 

These experiments are worth notice in the history of 
agriculture, because they show what statements could be 
laid before farmers, at a time when ignorance of first 
prindples did not yet permit scientific criticism. 

With regard to the infltience of ammoma and salts of 
ammoma, there was instituted in tlie years 1857 and 
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185 B, on the part of the General Committee of the Agri- 
cultural Society of Bavaria, a series of comparative ezpe- 
liments in the district of Bogenhausen, as to the opera- 
tion of guano, and various salts of ammonia containing 

an equal amount of nitrogen, liie results of which are 
decisive. 

The experiments were conducted upon a £eld (a loam) 
which had gone through the usual rotation, and which, 
with ordinary &rm-yard manure, had borne rye and then 
oats twice successively. Of eighteen plots in this field, 
each 1914 square feet in nrca, four were manured with 
salts of ammonia, and one with guano, one plot remained 
unmanured. 

As a starting point for estimating the quantity of 
manure to be employed, it was assumed that 400 lbs. 
of guano per acre English (=493 lbs. avoir.) correspond 
to the full measure of form-3'iird manure usually 
applied. According to this proportion, 20 lbs. ( — ^ 
24f lbs. avoir.) of guano were reckoned for the area in 
question. 

The samples of good Peruvian guano selected were 

previously analysed, and in 100 parts a quantity of 
nitrogen was found corresponding to 15-39 of {immonia. 
As a general rule, only one-half of the nitrogen in guano - - ^ 
is present as ammonia; the other half appears as uric ; ^, 
add, guanine, &c., of the operation of which upon the 
growth of plants littie or nothing, as we have before 
observed, is known. But it was assumed that the nitrogen 
in these other substances was just as operjitive as that iii 
the ammonia, and the qaantum of tlie various salts of 
ammonia (which were likewise analysed previously to 
ascertain exactiy theur amount of ammonia) was reckoned 
in accordance with this assumption. Accordingly, for the 
above 20 lbs. of guiiuu, 17 grammes (=3-75 lbs.) of 
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ammoiiia were computed as the equivalent ; and each 

of the other four plots received exactly the sainc quantity 
of ammonia, in the salt of ammouia employed for manure. 

It is clear that if an increased crop was obtained by 
means of the guano, and if this was due to the amount of 
its nitrogen, then each of the other four plots, having 
received the mme quantity of nitrogen, must necessarily 
be affected in exactly the same manner as if they, also, 
bad been manured with 20 lbs. of the same guano. The 
results were as follow 

Cmaparative experiments at Bofjfnlimt.f^n vith rjnnno and salts of 
ammonia coaUUning equal quantities oj' nitrogen. 
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Although each of die four plots had received the same 
quantity of nitrogen, still their respective crops did not 
correspond; on the whole, the crop from the plots 
manured with salts of ammonia, corn and straw together, 
was in each case very little higher than tliat of the im- 
mauured plot; while the plot manured with guauo 
yielded, for the same quantity of nitrogen, times more 
com, Slid 80 per cent more straw, than the average crop 
of the plots manured with salts of ammonia. 

In the subsequent year, this experiment was repeated 
in a similar maimer in tlie same district with ^\^nter wheat. 
The field chosen, and to which six years previously farm- 
yard manure had been applied, had borne winter lye, 
then clover, and then oats, for three years. The oat 
stubble was broken up and thai twice ploughed : on the 
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12th September, 1857, the seed was sown and harrowed 

in, on one day : immediately after the sowing there was a 
moderate thunder shower. 

The field was divided into seventeen lots, each of 1900 
sqtiaie feet^ which were separated &om each other by 
fiurows ; eadi was separately sown and harrowed. The 
quantity of guano used was 18'8 lbs. (s23*3 lbs. avoir.), 
and the weight of the salts of ammonia em{)loyed wjiij 
calculated from the amount of nitrogen m the guano, so 
that, as in the previous experinient, each plot received an 
exactly equal amount of nitrogen. The results were the 
following : — 

Ej' U': rtmcnt in BogcnhaustH. 

BwvLT or iiA&TBST^ 18$8v— WansB-vBSAT. 

Cora Stxaw 

KanoMd iritil guano, yielded ..... 32986 79160 

„ Bulph Ate of ammonia (II S lb«. Say.) . 19600 41440 

„ phosphate „ (11-9 „ ,. ) . 21620 38940 

^ earboiiate „ (10 6 „ ) . U040 67860 

M nitnto „ ( 7*1 » ) • 37090 OnOO 

XTmnttUfed 18100 82986 

These experiments show in the elearest manner that it 
is an error to refer the effect of a powerful nitrogenous 
manure chiefly to the nitrogen which it contains. No 
doubt it has a share in the operation of these manures, ^ 

but their energy Ls nul in proportion to the amounL oi" 
nitrogen hi tliem. ' 

If ammonia or salts of ammonia increase the produce 
gf a field, thdr efiect depends upon the nature of the soil 
, What we mean here by the nature of the soil is under- 
stood by every one ; the ammonia can engender in the i 
soil no pnUish, no phosphoric acid, no sihcic acid, no Inne ; \ 
and it" these substaiiceii, which are indispensable for the ' 
developement of the wheat plant» are not found in the i 
soil, the ammonia cannot produce any efiiect whatever. 
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If, then, in Schattenmann*s experiments, and those at 
Bogenhausen, there were no results from the salts of mn- 
monia, this did not wcme from the fsLCi of these salts being 
in themselves ineffective ; but they were inactive, because 
the conditions of their activity were wanting. Lawes 
and Gilbert supplied these conditions to their field, and 
hence ensured activity to tlie ainiiiuniacal salts tliey used. 

Tlie results obtained by Kuhlraami respecting the eflTect 
of salts of ammonia upon meadows are precisely similar. 
He manured a piece of meadow land with sulphate of 
ammonia, and obtained a crop of hay larger than the 
yield of the unmanured plot, because a certain quantity 
of phosj)h()ric acid, potasli, &c. was rendered active, 
which w^ithout the cooperation of salts ot lunmonia would 
not have been the case. On adding phosphate of lime to 
the salts of ammonia, the activity of the latter was 
enhanced in an extraotdinaiy degree ; he obtained, — 

Seium ofhagfper heetare^ 1844. 

Exccw RhoTc the 
nnauDurDd pM 

(I) By aanittingwitli 2M •wpbftteof ainnKmiA • • M64 1744 
(3) „ H 393 Ml flauttooiM^ with pluMphftte 

of limp 9906 8038 

(3) Unnumurcd plot .».•.«. 3820 — 

Thus, by sul]>hate of ammonia alone, Kuhhnann ob- 
tained rather more than half as much hay again as the 
yield of the unmanured plot ; and by adding phosphate 
of lime he gained almost three times as much. 

Those who maintained the theory of the special im- 
portance to agriculture of nitrogen in manure, formed a 
eimilar notion about the cause of fertility in land. 

If, in fact, tlie efficiicy of any manure depended on tlie 
enrichment of the soil with nitrogen, exhaustion could be 
explained only by the diminution of the store of nitrogen ; 
and the manure would restore ferdli^ when the nitrogen 
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irhich' had been removed in the harvest was again 
supplied by it to the field. Accordingly, the imequal 
fertility of land must be due to the uneqoal amounts of 

nitrogen contained in it ; and it would follow that the soil 
richer in nitrogen must be more fruitful than one which 
contained less of this element 

This theory, too, came to a pitiful end; since that 
which was not true for manures could not possibly hold 
good for land. 

Every one who is ac([uaiiitod with chemical analysis 
knows that aiuong the constituents of the soil none can 
be approximately determined with greater accuracy than 
nitrogen. In an exhausted soil at Weihenstephan and 
Bogenhausen, nitrogen was determined by ^e usual 
method, and calculated to a depth of 10 inches. 

ThB Jield eatUained, per hectar^f 

Bo^^'iiihaiuea WcihetuicpUaa 
kilt-kT. klJoKT. 

Nitngen • . . 6Ud 6801 

On hoth fields summer barley was cultivated in 1857, 
and the following returns were obtained, per hectare : — 

BognhMm WeOiMMtapluui 
kllogr. kilofH'- 
Com ... . 413 1604 
Straw .... 1116 2«80 

1628 4184 

Thus, the field at Weihenstephan, containing about the 
same amount of nitrogen, yielded almost four times as 
much com, and more than twice as much straw, as the 
field at Bogenhausen. 

In 1858, these experiments were repeated at Weihen- 
stephan with winter wheat, and at Schleissheim with 
winter lye ; tlie result was : — 



« 
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XfUrogeii cwtaitud to the depth of 10 mchetf per hteiare^ 

kilogr. kilogr. 
2787 #801 

Crop. 

Corn. . 115 1699 
atnw • 282^6 8080 

8074 4729 

The amount of nitrogeD in the field at Schleisshehn, ai 
compared with that at Weiheiistephan, bears the propor- 
tion of 1 : 2 ; whereas the crops are in the proportion of 
1 ! 14. These facts are fatal to the opinion that there 
exists any coonection between the amount of nitrogen in 
a soil, and its powers of production ; and in truth no one 
now entertains this belief For smce Kroker in 1846 de- 
termined the nitrogen in 22 kinds of soil from various 
districts, and cli<eovered that even nn unfruitful simd 
eontained more tlian a Imndred times, while in arable soils 
to a depth of 10 inches there were present from 500 to 
1000 times, more nitrogen than is necessary for a good 
crop, similar investigations have been made in all coun- 
tries, and Kroker's results have Ijeeu tjt uiliruied. 

Since that j>oriod the fact \\m l)eeu geiiemliy admitted, 
that the great majority of cultivated soils are ftir richer in 
nitrogen than in phosphoric acid; and that the relative 
proportion of nitrogen present, which had been adopted 
as ^e standard for calculating the value of manure, was 
quite inapplicable for edtimuting the productive power of 
land. 

Hence, between the chemical analysis of manures, and 
that of the soil, there arose an irreconcilable contradict 
tion. In the chemical laboratory the effective value of a 
manure could be accurately determined according to 
tlie per ceuta^e of its nitrogen ; but ^vJieli the farmer 
had mcorporated his manure with the soil, the determinar- 
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lion of the per centage of nitrogen in ibe ground was no 
longer of any use in estimating its productive power. 
This strange circumstance might well have excited 

siiBpicion ajxainst the theory of the preponderating influ- 
euce of nitiogeu, for which, as uUeady obserx ed, tliei e is 
not the slightest evidence in point of fact. But instead 
of this, the advocates of the theoiy maintained it stead- 
£utly» and endeavoured to explain the behaviour of the 
soil upon new and still more extraordinary grounds. It 
had been observed tliat a very small fraction of the quan- 
tity of nitrogen present in the soil, in the form of guano, 
fium-yard maniu^ or nitrate of soda, materially increased 
the crops ; whereas, the effect of other manures, which 
contained nitrogen not in the form of ammonia or nitric 
acid, was very unequal in respect of time, jind, in the ease 
of lioni shavings or woollen rags, was extremely slow. 
This led to the assumption that the natui^e of nitrogen 
was as variable in the arable soil as in manures ; one ^ 
portion was supposed to be in the form of ammonia or . 
nitric add, and this was, properly sjieaking, the efiective ' 
part ; anotlier portion, on tlie contrary, existed in some 
peculiar form which could not exactly be deiined, and was 
quite ineffective. 

Hence the productive power of a soil was, according to 
this view, not in proportion to the entire quanti^ of 
nitrogen in it, but could only be measured by the nitric 
acid and ammonia wliicli it contained. As the advocates 
of the theory about theelfective operation of nitrogen iiad 
been accustomed to shirk proving the truth of their 
doctrine, as a matter of course they did not trouble 
themselves about adducing any positive facts in support 
of this extension of it. They believed that they coidd 
cstablisli tlieir point in the following way. 

Whan a crop contained in com and straw as much 

z s 
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nitragen as was equivalent to six, four, three, or two per 
cent of the whole quantity of nitxogen in the soil, the 
reason was that there were present in the field six, four, 

three, or t wo per cent, of active nitrogen, while the 
remaining 04, 90, 97, or 98 per cent, were inoperative 
nitrogen. 

The cause of the effect (the amount of active nitrogen 
in the soil) was consequently inferred from the effect (the 
amount of nitrogen in the crops). If more of the whole 

(juantityof nitrotren was in .m active form, then higher 
crops would follow ; if the crop^ were lower, the reason 
was that there was a deficiency of active nitrogen. If in 
guano or farm-yard manure additional active nitrogen was 
supplied, the crops would be increased. 

By taking a new standard for estimating the productive 
power of the ball, the fornu r one for the valuation of 
manure was virtually abandoned, i'or when efficiency 
was allowed only to nitric acid and anunonia in the soil, 
and denied to all other nitrogenous combinations, it was 
evidently imwarrantable to place those nitrogenous com- 
pounds in manures, which were neither lunuionia nor 
nitric acid, in the bume class with these two elements of 
food. 

But in the classified estimate of manures, a high place 
was given to dried blood, horn shavings, gelatine, and the 
nitrogenous constituents of rape-cake, all substances 

which contain neither nitric acid nor annnonia. The 
favourable effect of these manuies was, in the majority of 
cases, undoubted, but still not determinable by analysis. 
Of two fields, the one manured with rape-cake, the other 
not, the former yields a larger com or turnip crop than 
the latter, but it is not possible to show that there was 
more ammonia in the one case than in the other. True, 
It wod assumed that the nitrogenous compounds of these 
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manures, the albumea of the blood, the nipe-cake, or the 
gelatine^ was gradually converted into ammonia, and so 
became operative; but it was taken for granted as a 
matter of course, that the so-called inoperative nitro- 
genous comiX)iiiids present in the soil do not possess the 
power of yielding ammonia, or of being osydised into 
nitric add. 

It was well known, indeed, that if one of two fields 

contained more lime than the other, the one richer in hme 
often did not on that account pro(hice more clover. Yet 
no one thougiit of asauining that the lime in the richer 
field existed in a two-fold condition, operative and in- 
operative, or that the active portion of the lime had 
caused the difference in the dover crops. 

It was also well known that if two fields be maiuned 
witli tlie same bone-earth, the one often gave a higher 
crop than the other, and yet no one thought of assuming 
that in the second fidd the ineffidency of the bone-earth 
was due to the fact that it had passed into a state of 
inactivity. 

It was further known, that the of no iudividnal 

nutritive substance exercised any influence upon tiic pro- 
dnee of a field ; but it was assumed that the case must be 
difierent with nitrogen. A surplus of that dement, it 
was* surmised, must act, and if it did not, the cause was 
not ascribed to the fidd, but to the nature and condi- 
tion of tlie nitrogenous compounds. 

From tills we see that the notion of nitrogen exerting 
the principal influence in agriculture led to unexampled 
confusion of thought and to the most basdess and absurd 
suppositions. None of the advocates of this theory gave 
themselves the slightest trouble to extract firom the ground 
one of the nitrogenous compounds, which were deemed 
inoperative, so as to study its nature ; but properties were 
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ascribed to them, of which nothing could be known, 
because the things themselves were not known. 

Aa the advocates of this theory can say nothing about 
the nature of the nitrogenous compounds present in the 
ground, tliey want to make us believe that nothing at all 
is kuowu about them. Pnil Jio one, Avho has an :t< ijuaiiit- 
ance with chemistry, has tlie smallest doubt or unceitaiuty 
respecting the ongui of nitrogen in the arable soil. It is 
derived either from the air, whence it is conveyed to the 
earth in rain or dew ; or firom organic suBstances accu- 
mulated from a series of generations of dead and decayed 
plants, or else iruni animal remains contained in the earth, 
or incorporated with it by man in the form of excrements. 
Animal and human excrements, bodies of animals in the 
earth, corpses in their coffins, all vanish, with the ex- 
ception of their incombustible matters, after a series of 
years; the nitrogen of their constituents is converted 
into gaseous ammonia, and is distributed in tlie surround- 
ing soil. The remains of extinct animal life which are 
embedded, to an enormous extent, in sedimentary strata, 
or which of themselves constitute whole masses of rock, 
attest the extraordinary distribution of oi^anic life in the 
former ages of the earth ; and it is the nitrogenous con- 
stituents of liiese animal bodies, passing over into am- 
monia and nitric acid, which still play an important part 
in the economy of the vegetable and animal world. 

If the smallest doubt could exist on this question, it is 
completely removed by the investigations of Schmid and 
Pierre Compt. rend/ t. xlix. pp. 711-715). 

fckihmid examined (see Teters. 'Acad. Bull.* viii. 161) 
several specimens of Bussian black-earth (t^emo-sem) 
from the Government of Orel, and among them three 
from the same field, marked by him as * virgin soil,' 
of which we may assume that it had never been subject 
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to agricultuial operations ; the amount of nitrogea in this 
soil amounted to— 

Amount o/nUrogen in,ihe Uehemo-Bm, 

Undor the turf 0-99 per waL mtzogan 

4irenchok8 (m? iiidMB)d«flpev . • 0-4-3 „ „ 
Above tlie mb0oa 0*33 » „ 

If we assume a ouiyic d^ rim^tre (=61 cu])i(' in.) of this 
earth to weigh IIUO grammes ( = 2-4 lbs.), then, culcuiatiug 
for the area of a hectare (=2^ acres), the ground would 
contain — 

kQo. cwt. 

1 decimetre ("4 inches) deep . . , 10890 = 213 nitrogeu 
1 „ „ deeper . • 4960- 97 » 

I „ „ „ . . . 8680 1 71 n 

30 centiiiitorefl (s 11-7 inches) detip . . 1U-17U = 381 

In examining a aoil in the neighbourhood of Caen, 

ritirie I'oimd in it 19620 kilogrammes (=s385cwt.) of 
nitrogen distributed, in the following manner, through 
a hectare to the depth of one metre (=3*3 feet). 

In tlie lint Isjrer of 25-10 deep, the loil oontaincd 8360 = 164 

„ P^-wnd ^ 2.^ — 50 = 10 -20 „ „ 4959- 97 

„ third „ 60 — 20— 30 „ „ 3479- 68 

„ foarth „ 75—100-30—40 „ „ 2816- 66 

19614-384 

Thus, according to both investigations^ the uppermost 

layers, or the proper arable soil (about 10 inches deep), 
were the richest iu uitrogeii, while in the lower layers the 
amount decreased. 

Buch a condition undeniably proves the origin of 
nitrogen in the arable soil 

If the upper layers, which are constantly deprived of ^ 
nitrogen by cultivation, contain more of this element than 
the lower, it necessarily foDows tliat the nitrogen must / 
have come from without. The analysis of the most 
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yaiious kinds of soil in many difier^t landa and district 
shows that there is scarcely a single fruitful wheat soil 
which does not contain at least 5000 to 6000 kilogrammes 

( = 1)8 to 118 cwt) of nitrogen per hectare ( = 2i acres) to 
the deptli of 25 ceutimetres ( = 10 inciies) ; and the simplest 
comparison of the quantity of nitrogen in the scmI, with 
that which is removed in the crops, proves that the 
latter amounts to a very small fraction, and tiiat the land 
iri exliaustcd of all oLlier nuUilive subsUiuccs sooner than 
of nitrogen. 

The experiments of Mayer ('Ergeb. landw. u. agric. 
Versiiche.* iMunchen. Iter Heft, & 129) show that the 
behaviour of arable soil with respect to alkalies in watery 
solution affords no conclusion as to the nature of the 
nitrogenous coin])()UiuLs tlierein contiiiiiL'd. It had been 
assumed, tliat all nitrogen in the earth in the loiin of 
ammonia coidd be separated by distillation wiUi caustic 
alkalies, and that the portion that was not thus separated 
did not exist as such. Mayer proved the incorrectness of 
this assumption ; he first discovered, that many earths 
rich in humous constituents wliLii boiled for four liuurs 
(which may he considered eciuivalent to ILxiviation for 
four hours with boiling water) still retained a very con- 
siderable quantity of ammonia. The earths employed in 
these expejiments were (1) earth from the hollow trunk 
of a tree, (2) garden soil rich in organic matters, from 
the Butimic Garden, (3) strong clay soil from Bogea- 
hausen. 

Oat millipD nuU^zatnniM ( «2'2 ITm.) retiined at tfia tflmpentoie of iMiliiig imtcr : 

mlDlgr. gn, mfllfcr. gn. uBUgr* gn. 

(1) Tree toil, 7808-112 (2) Oaxdenaoil, 4638-70 (3) Oaj, 1676-84 

If an arable soil after saturation with ammonia, by 
being placed either in a weak solution of pure am« 
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moiiia» or in a confined space with ammoniacal gas, or 
oyer carbonate of ammonia, is then dried and exposed in 

thin layers in tliis dry state to the air for fourteen days, 
all the ammouiii not intimately combined in the soil is 
evolved, and the same result may be produced by con- 
stant washing with cold water. Now if soils thus satu- 
rated, the anunonia of which has been accurately ascer- 
tained, are exposed to distillation with soda lye, it is found 
that a considerable portion of the absorbed ammonia is 
not separable in this way. In the following table, A ex- 
presses the quantity of ammonia respectively absorbed 
by various soils at the ordinary temperature of the air; B, 
the quantity of ammonia retained by the same soils after 
twelve to fifteen hours* action of soda lye in a water bath« 

Onb miPlOT mOlignunmes ( =2*2 lbs.) of soil from 

ITaviinnah Schleisshcirn Roprnh:ms<»n Clny soil 

milligr. gra. milUgr. grs. mUllgr. gra. miUigr. grs. 

A Ammonu . M20«>8« 8fi00»eo 3SOO*-iO 

B „ . 930*14 990-U 470- ? 

Under these drcumstanees, it appears that the power 
of retaimng a certain portion of the absorbed ammonia 
is very unequal ; the QEtvanna earth (a poor lime soil) 

retains a sixth of the absorbed ammonia, the soil at 
Schlcissheim the fourth, that at Bogenhausen almost a 
third* 

• "Wc need not be Kurprised at this peculiar comportment, for it mercljr 
].rovos tliat ]\irt of the aininonia in the earth is conU-iined in an entirely 
tlitrrrent Ibrru from that of a salt. The salt^ of ammonia are com- 
binations of ammonium, whicli can be easily decomposed by alkalies, 
alkaline earths, and metallic oxides, the alkali taking the place of oxide 
of ammonium, or the ammoniam being digplaoed by some oiher inetaL 
Bat we BftTe no reaaoii to believe, that tihe ammonie, which by phyocal 
ftttmetaon is fixed in the porona aiaUe Bcn2» yielde its pkee to another 
body, and ia aeparaUe bj it, if the latter has not a stronger attnetion 
Ibr the soiL 

GMonate of lime, in the cold, produces soarcdy any efieet npoa 
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This explains the reason why an arable soil saturated 
with ammonia gives back only a portion after being 
heated with soda lye for several hours ; and it is rather, 

perhaps, the lengthened o])eratioii of water ut a liigh 
temperature, than the chemical attraction of tlie soda, 
that gradually separates, in the form of gas, the ammonia 
fixed by the soil In this operation there is no percep* 
tible limit, where the evolution of ammonia ceases ; for 
even after twoity-five hours of continuous heating in a 
water-l)ath, the lluid which passes oS hm btill an alkaline 
reaction. 

The above arable soils in their natural condition com- 
port themselves with a boiling solution of soda precisely 
as if they were partiaUy saturated with ammonia. In the 
following table, A expresses the total quantity of nitrogen 
in the form of ammonia, wrhich is obtained from various 
soils at a red heat with soda lime ; B, the quantity of 
ammonia which is separable from them after twelve to 
twenty-five hours' heating with a solution of soda. 

One miliiou miilignuxunaB of earth ( » 1 kilo. >=i 2 2 iha.) £rom 

HaTBonah SchlwHuhefan Bogenhuusen Claj soil 

uilllgr. gra. nXOSgr. gn. mllligr. gn. millJgr. gn. 

A . • 4 2640 = 40-6 4880=76 0 4000 = 62-6 2860 = 44 0 

B . • • 610 • 7*8 1270-19-6 860 = 12 830 » 127 

These numbers lead to some interesting considerations ; 

tliey sliow, among other things, that the tliii d, fourth, or 
fiftli part of all the nitrotren coutained in the soli 1:^1 sepa- 
rable in the form of ammonia ; and that after twenty-five 
hours' distillation with a solution of soda, the fluid which 
passes off has still an alkaline reaction. 
As a $ail 6<Uurated wiA ammmia retains, after five or 

Bolpluite of rnnmonm; but In an arable soil, which oimtaliui carbonate of 
limey the aalt of ammoma b cranpletdy deoompoaed : lime takea the 
place of the aaunonia, die latter howeveir doea not become free, but 
entera into aome other oomblnation,' upom vhioii lime haa no eSkC^ 
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six hours' heating with a solutioa of soda, a third, a 
fourth, or a sixth of the ammoma absorbed by it, and we 
cannot assert that the retained portion has changed its 
nature, and is no longer ammonia ; so from the comport- 
ment of the earth in its natural condition, and under the 
same circumstances, we camiot conclude that the nitrogen 
which by distillation cannot be obtained in the form of 
ammoniay does not» therefore, exist as such in the earth* 

Even if the experiments above described do not afford 
any proof that all the nitrogen in the ground is in the 
form of ammonia (a portion, besides, is in most ca^es pre- 
sent as nitric acid), there is, on the other hand, no proof 
furnished to the contrary. 

Strictly speaking, the discussion of the point in ques- 
tion does not depend on this proof ; for it is sufficient to 
show here, that the comportmj^nt of the soil with resf>ect to 
the amount of nitrogen in it is exactly the same as that of 
farm-yard manure. Only a small portion of the nitrogen 
in farm-yard manure is separable by distillation with 
alkalies ; the much larger portion being obtained only by 
complete decomposition of the substances. 

According to Voelker's analysis, 800 cwL of fresh ikim- 
yard manure contained — 

Nitrogen 6U 712 

^"^•{ur^t.* • • • 

If we compare with this the amount of separable am- 
monia and the total nitrogen in the soil at 8chleisBheim 
and Bogenhausen, we have-^ 



lb*. Umu 
SOOewtor«nit]»MileoiitaiiiiiitoqgMi • SSI'S 367'S 

KsMtttaiMiittiiUAaiBiiiDtiift • • • lOl'S 6S'0 



It i& manifest, that when two soils, not particularly rich 
in nitrogen, contain just as much ammonia as an equal 
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weight of farm-yard manure, if we ascribe the effect of 
the Jatter merely to the amount of ammonia which it 
oontainfl, then the unfruitfuhiess of the field at Schleissheun 
IB entirely inexplicable. 

We assume that the entire (^uaatity of nitrogen in 
farm yard manure has a definite share in itd operation ; 
and as the nitrocronous matters in the arable soil are ori- 
ginally identical with the substances which form the 
constituents of manures, it is impossible to ascribe to the 
one can effect which does not equally apply to tlie otlicr. 

There can be no doubt that the nitrogen on s compounds 
in the ground often exert no influence in increasing the 
crops, while those in the manures undoubtedly produce 
a jfoyoufable effect Hence the operation of the nitro- 
genous compounds in the manure must have depended 
upon cauj>es which the groi^id did not supply; and it is 
clear that the same efficacy can be given to the nitro- 
genous compounds in the soil, if the farmer will take 
care to bring into play the causes which produced the 
ikyourable operation in the manures. 

If we consider, for example, the crops yielded (see 
pp. 147 and 150) by the two fiehls at Schleisslieini in an 
unmanurcd (condition, and compare them with the quan- 
tity of nitrogen in the soil, the result is-* 

Ifitroffenf ptr h^ctart (s 2} acre$)^ 
To tli» d«ptb of 10 inohii. Ftodnc«. 

Com Btraw 
In Field 1 (p. 160), 1858 . 2787 kilo. 115 kilo. 282 kilo. 
IaKdd2(p.l47X 1S«7 . 4752 „ 644 „ 1056 „ 

Those who maintain that the crops dep^d upon the 
nitrogen in the soil, wquld judge the results of these two 
ezperiments somewhat in the following way : — 

The amount of mtrogen in boUl flelds u M • » . 100 : 160 
Th« com oro{>f m ..*«... 100 : 560 
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If the crops are in proportion to the quantity of 
efiective nitrogen in the soil, it follows that the soil of 
Meld 2 oontainedf not onlj altogether, but even propor* 
tionately, more than Field 1. If the com crop in l^eld 
1 = 115 kilogrammes corresponded to the fraction of 
effective nitroojen in the whole amount of nitrof^en «= 
2787 kilogrammes, then Jbleid 2 ought to have yielded 
257 kilogrammes of com, supposmg that the relative 
proportion of active and inactive nitrogen were the same 
as in Field 1 (for 2787 kilogrammes, nitrogen : 115 kilo- 
. giaiuiiies, corn =^ 4752 kilograinnies, nitrogen : 257 kilo- 
grammes, corn). But, in fact. Field 2 yielded two and 
a half times as much com ; and therefore the amount of 
active nitrogen in Field 2 was just in the same proportion 
greater. 

This explanation, very simple in itself, is, however, 

opposed by the fact that botli tliese fieldis manured in the 
same year with su])erphoijpbate of lime (prepared from 
phosphorite) (see pp. 147 and 150), gave the following 
returns : — 

Crop, per hectan. 

Corn Straw 
kilo. cwt. kilo. cwt. 

1858. Field 1 munured with rapeiphcMphate of lime 664^ 12 8 1341 ^ 2n-5 
1867. S H 1301 -26o 3»13 = 7o0 

Hence, by the application of three nutritive sub- 
stances, sulphuric add, phosphoric add, and lime, without 

any increase of the quantity of nitrogen in the soil, 
as much com was obtained from Field 1, containing 
2787 kilogrammes, mtiogen, as from Field 2, con- 
taining 4752 kilogrammes. There was then in the 
former as much effective nitrogen as in the latter, but it 
was defident in certain other substances indispensably 
iiecessaiy to produce an action. Its power to become 
active was first exliibited when these substances were 
added to the Held. In like manner, the £&vourable 
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influence of superphosphate upou Pield 2 was exhibited ; 
for the crop of this plot, when munairared, did not 
ooirespoiid to the amount of active nitrogen which it 
ccmtained; but hy the addition of superphosphate the 
crop rose to more than double. And when to the super- 
phosphate licid 1, 187 kiloirruinines of common 
8alt^ and 755 kilogrammes sulphate of soda were added, 
there was a still greater increase, i e. there were now 700 
kilogrammes of com, and IddO kilogrammes of straw, 
a BtiU greater quantity of apparently inactive nitrogen 

having been rendered efiective. 

The intelligent fiirmer who reflects upon questions of 
this kind, will be led to the conclusion, that an essential 
difference may exist between his own practical experience 
and the theories of the sdiool which seeks to explain 
tiiem. When practice tells us that farm-yard manure, 
guano, and bone earth have restored or increased the 
crops in certain cases, no oue can maintiiin that 
these are not real £Etcts, or are not trustworthy. 
But the observations of the practical man extend no 
further than these Acts ; he has not actually remarked 
that the increased crops were produced by the ammonia 
in the iai m yard manure, or by that in the guano, or by 
the nitrogen in the nitrate of soda ; all this he is led to 
believe by persons who themselves know nothing about 
the matter* 

It is certainly a most remarkable circumstance, occur- 
ring in no other trade or indu.>try, that in mast ciiscs the 
farmer cheri>hcs re))re,<entations or theories, for the truth 
of whidi he has no evidence ; nay, he seems even to give 
up completely the very idea of inquiring into their 
correctness. It is quite incomprehensible that he should 
allow himself to be guided and convinced by facts which 
have not been remarked by himself upon his own ground, 
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but have been observed in altogether different districts, 
and which must at least remain doubtful as &x aa their 
application to his own land is concerned. 

If, during the last ten years, only one farmer in a 
thousand had resolved to institute experiments upon his 
own land with ammonia or salts of ammonia to test the 
theory, whether in fact this manure is useful beyond all 
others in increasing the com crops^ how soon and how 
easily would an accurate estimate have been formed of its 
true value by other farmers ! 

The simple reflection that not one of the substance.*? 
nutritive to plants does of iti^clf exert any influence upon • 
their growth, and that several other substances must be 
present, if the first is to prove useful, should have brought 
him to the conclusion that the ease cannot be otherwise 
with nitro^ren ; aud that tlie value of a manure cannot be 
measured by the amount of iiitio^en which it contains; 
for this presuppose that the miiogen possesses an opera- 
tive power, which muat manifest itse^ under M circum- 
stancesj and that the money which the farmer lays out in 
its purchase will alwa3r8 ensure an adequate return. 

Now, wlum liis common sense tells him that such a 
supposition is impossible, and that he has only to open bis 
eyes to observe by innumerable facts that ammonia is no 
exception to other nutritive substances, he will of himself 
come to the condusion that the inactivity of the great 
mass of nitrogen in his field is not due to any condition 
peculiar to itself, which science can neitlier investigate nor 
explain, but that it id inactive, just as phosphoric acid, 
potash, lime, magnesia, silicic acid, and iron, are inactive, 
when there is wanting in the ground one of the conditions 
necessary to make them available. 

The theory that by far the greater portion of the nitro- 
gen in the ground is incapable of serving for the nutrition 
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of plants, cannot be proved by the £act that the crops do 
not bear any proportion to the amount of nitrogen in the 
soil ; for were this the case, then all soils must be equally 
abundant in all other conditions for the growth of plants, 

and everywhere possess the same •/eologiad nud meclKini- 
cal condition, liui tins assumption is iin])ussiblc, for on 
the whole surface of the globe tliere are not two districts 
in which the soils are identical in these respects* 

This theory must be strenuously opposed, not only 
because it is false generally, and that it has never yet been 
proved to be true even in ji sinj^le case, but still more on 
account of the pernicious luiiuence whicli it exercises 
upon the practice of the fanner. For since it induces 
him to suppose that it is impossible to give the necessary 
efficacy to the store of nitrogen in his land, he will never 
think even of attempting to do so. Being convinced 
beforehand that he need not try to rais(^ the treasure 
buried in field, lie never even makes the attempt. 

Since the exact observation made in the cultivation of 
entire countries and divisions of the globe for centuries 
past, and also well-established facts, make it probable 
that a source of nitrogenous food exist**, wliicli ensures 
annually to a cultivated field wiilioul the Inisbandman's 
aid the return of a portion of the nitrogen, and in a ro- 
tation the whole amount of that substance which has been 
taken away in the crops ; and further, that the field may 
be exhausted of every other nutritive substance, howevear 
great its store iu the ground may be, because they are 
never spontaneously restored to the noil by nature — 
whereas this can never happen to nitrogen; then it is 
contrary to aU the rules of logic in any given case, to 
ascribe without closer examination the exhaustion of 
a soil above all other things to a loss of nitrogen. 

We might suppose, that apart from the suggestions of 
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common sense, that the palp.ibie advantage which would 
accrue to the fanner imperatively demands that he should 
take all possible pains to verify the correctness of this 
fact, and to discover how . much nitrogenous food is 
annually restored to iiiin by the atmosphere. For when 
he knows how far upon the whole lie may calculate upon 
this source, he can easily arrange his system of cultivation 
to make it most profitable to hinL If the atmospherd , 
supplies him with the whole amount of nitrog( n which 
he removes from his field by a rotation, then he can 
direct his thoughts to tlie means of keeping his whole 
forming operations going in the most eflectual manner 
with the store which he annuallj collects in his manure 
heap, without spending any money upon nitrogenous food 
for his plants. If he finds that the atmosphere restores 
only a portion of that wliich has been taken away, and lie 
accurately knows what this portion amounts to, then as 
circumstances require, he can, with judicious economy, 
supply from other sources what is lacking ; or he may so 
arrange his system of cultivation as to make the supply 
of nitrogen from natural sources cover what is removed 
in the crops. 

Every advance in an industrial j)ur.^uit has a duhnite 
standard of value in the price of the products ; and no 
sensible man would call an alteration in the mode of con- 
ducting a business by the name of improvement, tmless 
the price of the products covered the cost of production. 
When the prii e of guano exceeds a certain limit, so that 
the crop reahsed does not bear a proper proportion to 
the outlay of capital and labour, this very circumstance 
prevents its application. 

From this pomt of view fiurmers might long ago have 
perceived that the question about the necessity of supply- 
ing ammonia to increase the crops of com, includes 

Y 
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another question, whether, ou the whole, progress in this 
respect or is not^ possible in agricultural practice. 

A few conaideratioQS only are necessary to bring the 
fimner to the oonyiction, wUch I myself entertain, that if 

increased production depends upon an augmentation of 
nitrogenous lood in the soil, we must at once renounce 
all idea of improvement. For my own part, I am much 
more inclined to believe, that progress is only possible 
and attainable if the fimner restricts himself to that 
store of nitrogen which he can collect upon his own 
ground, avoiding as much as possible all purchase of 
nitrogenous food from other quarters. 

On the average, all the experiments of Lawes in 
England have shown, that far one pound of aaUs of 
ammonia m mamureB^ two potmds of wheat may be 
reaped. 

These ivsulis, we must l enu inber, wore obtained from 
a field in which one acre without manure of any kind 
was able to yield, for seven years consecutively, 1125 lbs. 
of com and 1756 lbs. of straw ; and that all the plots 
manured with salts of ammonia also received phosphate 
and silicate of potash.* 

On an average, Lawes manured his lieids with 3 cwt. 
of salts ammonia, and thereby he obtained half as 
much com again as the unmamired plot yielded. 

We will now assume that the extra crop obtained was 
exclusively due to the salts of ammonia ; we will further 
suppose that all soils are inexhaustible in phosphoric 

* On this point Lawes says ('Jounial of the Royal Agr. Soo. of Eng.,' 
▼« ziT. p. 282), that for the production of one bndid of wheat (s64 to 
65 pounds, oontainiiig 1 pound of nitrpgen) whidb the aoal was made to 
yield above its natural power, 5 pounds of ammonia were requisite 
(slG pounds of sal ammoniac, or 20 pounds of sulphate of ammonia), 
lie odds, however, that in no single experiment did the extn crop 
obtained oonespond to this estimate. 
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acid, potash, lime, &c. ; and consequently, that the con- 
tmuous application of salts of ammonia would involve no 
exhaustion of the soil. If we now reckon how much 

salts of ammonia, by weight, would be necessary for the 
kinfrdom of Saxony, in order to obtain half as much 
corn again as the unmanured laud produces, the result is 
the following : — The kingdom of Saxony comprised, in 
the year 1843, 1,844,474 acres (1 acre»l-S68 Eng. 
acre) of arable land, exdusive of vineyards, gardens, 
and mexidows. If we suppose that eacli acre yields one 
coru-crop in two years, and tliat 4 cwt. salts of ammonia 
had to be applied in the way of manure, the kingdom of 
Saxony would require annually 2,688,968 cwt»134,447 
tans of saUs of ammonia. 

Those who possess even a slender acquaintance with 
chemical manufiu (m t, and know from vviiat raw mate- 
rials (animal refuse and gas water) salts of anniionia are 
procured, must easily see that all the manufactories in 
England, France, and Germany put together, could not 
produce so much as the fourth part of the salts of 
ammonia required by comparatively a very small country, 
in order to increase its products in the manner proposed. 

With a similar distribution we can easily calculate how 
much salts of ammonia would be required for the 
Qerman provinces of Austria with 11 million jochen 
(1 jocha»l*422 Eng. acre) of arable land ; for Prussia, 
with 33 million morgen (1 morgen=0*631 Eng. acre) ; 
for Bavaria, with 9 million uil^w ork (1 tagwerk=0-842 
Eng. acre) ; and even if it were possible to quadruple 
the manufacture of salts of ammonia, this woiild have 
no material influence upon the crops. 

The cheapest ammonia is conveyed to Europe in 
Peruvian iruauu, wiiicli, taking a high average, contains 
16 per cent. 

T 9 
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Peruvian guano is princi|)iilly used in the cultivated 
lauds of Europe, as ia England, France, the Scandinaviaa 
countries, Belgium, the Netherlands, Prussift, and the 
German States^ comprising, exclusive of Austria, 120 mil- 
lions of inhabitants. Now if we suppose that upon these 
lands for centuries to come 0 million cwt. ( = 30U,UOO 
tons) of Peruvian guano, containing 300,000 cwt. of 
ammonia, were annually applied, and that it was pos- 
sible, with the means at present at our disposal, by 6 lbs. 
of ammonia to raise 65 lbs. additional of wheat, or its 
equivalent Milue, then the increased crop of com would 
just reach so far as to irive each individual ia the commu- 
nity 2 lbs. of com a day for two days in the year. 

If we assume 2 lbs. of com or its equivalent to be the 
average amount of nutriment required by an individual, 
this makes 730 lbs. annually. According to the supposi- 
tion made above, 36 million pounds of ammonia would 
produce thirteen timers a*^ much — IdS million pounds of 
corn or it^ equivalent, whereby 641,000 individuals 
could be nourished for a year. 

Supposing the population of England and Wales to 
increase only 1 per cent annually, this makes 200,000 
individuals in one year, and 000,000 in three years. 
Kow the cereals hy[)< ttlietically rai.-cd hy liclp of the 
ammonia in G million cwt. of guano imported from 
abroad, would suffice bnt veiy few years to support the 
increased population of England and Wales. 

And what would be the state of things six or nine 
years afterwards in England or Europe, if we were 
actually dependent upon a foreign importation of am- 
monia, for the support of the increasing population? 
Could we import 12 million cwt. of guano in six years, 
or 18 million in nine years ? 

We know most positively, that in a few years the 
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source of ammonia in guano will be exhausted ; that we 
have no prospect of discovering a new and richer source ; 
that the annual increase of population, not only in 
England but in all European countries, is more than 1 

per cent. ; and, finally, that in proportion to the increase 
iii tiie jwpulation in the United States, Hungary, &c., a 
corresponding diminution must follow in the exportation 
of com from those countries. From these considerations 
the hope of augmenting the crops of a cotmtry by the 
importation of ammonia must appear utterly vain. 

Li GcM'man}', a pound of wheat rosts at present 
4 krcutzei-s ( 1 ^i.) ; a pound of sulphate of ammouia, 
9 kreutzers (3 if/.) ; and if it were possible with a pound 
of this salt^ added to our ordinary maniures, to produce 
2 poimds more of wheat, then for every outlay of one 
florin (2s.) in money, the German farmer would receive 
53 kreutzert? (Ix. \^d.) in corn. Tills relation of outlay 
to income is evidently well known in practice, for up to 
this moment salts of ammonia have nowhere come into 
general use ; and though many manufacturers of manure 
add a certain quantity of ammonia to their productions, 
this is chiefly to Ininionr thu ianrv t»t' tanners for this 
substance; bnt none of them aiu tell what advantage 
results from this addition. This prejudice will soon dis- 
appear of itself, when farmers have learned to make a 
proper use of the nitrogenous food which nature supplies 
spontaneously to the land without any aid on their part 

The abundant supply of nitrogenous food in the soil, 
the increase of tlie same in well-cultivated ground, tiie 
examination of rain-water and of the atmosphere, all 
&ct8 observed in cultivation in general, prove that^ even 
with the highest system of fimning, the soil is not ex- 
hausted in its store of nitrogenous food, and that conse- 
quently there is a circulation of nitrogen, like that of 
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carbon, ^vhich presents to the farmer the possibility of in- 
creafiiug his store of active nitrc>ge]i in the soil. 

The estraordinajy effect of miperphoephate of lime in 
augmenting the cropB of corn, turnips, and dover, almost 
without exception, upon aH German lands to which these 
non-azotitjod manures have been applied ; the operation 
of the ucwly-iutroduce^l Baker aiid Jarvis guiuios* (which 
contain no ammonia) ; the action of lime, salts of potash, 
gypsum, &C., all show without doubt that an accumular 
tion of nitrogenous food has taken place in the sofl, the 
source of which was, until lately, quite obscure. 

We had reason enough to beUeve in a partial restora- 
tion to the soil of nitrogenous food by air and rain, but 
that it should be augmented was quite unexplained ; 
because this presupposed that ammonia and nitric add 
were produced from the nitrogen of the atmosphere, in 
evidence of which we had no facts whatever. Very 
recently this source of tlie increase of the nitrogenous 
food of plants was discovered by Schonbeui, and the 
problem was solved in the most unexpected manner. 

In his experiments upon oxygen, Schonbein found that 
the white fume emitted by a piece of moist phosphorus 
is not, as was previously believed, phospliorous ai id, but 
nitrite of iunnnnua. I myself had an opportunity of 
seeing this proved at a lecture, illustrated by experi- 
ments, which Schonbein delivered at Munich in the 
summer of 1860. It is probable, as he states, that in 

• From a coniinunicat'ion in the * Official Gazrttp,* No. 3, of Ist 
March 1862, for tho A;.n io. I'aion ia SaxoQjTt the fullowiug crops per 
acre were obtaintxi in ibtil : — 

WhMt 



8 cwt Jams guano produced . 2244 Iba. 4273 lbs. 

3 „ Baker „ „ . 2029 „ 5022 „ 

6 „ steamed bones „ . 3015 „ 4755 „ 

Unmanared „ . 1955 „ 8702 
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this reaction the nitrogen of the atmosphere, by a kind 
of induction, coiabmes with three equivalents of water, 
whereby on the one haad nitrous acid, and on the other 
ammonia, are formed ; just as is well known that under 
the influence of a higher temperature, nitrite of ammonia 
is decomposed into water and nitrogen gas. The most 
stiikiug fact is, this salt is formed under circumstances 
which we should luive been led to suppose were precisely 
those opposed to its formation ; but the production of 
the peroxide of hydrogen (so easUy decomposed by 
heat), during the slow oxidation of »ther, which is at- 
tended by a perceptible evolution of heat, is a fact not 
less certain, and hitherto equally unexplained. 

The formation of nitrite of ammonia during liiis sl«nv 
process of oxidation made it probable that it takes place 
everywhere on the earth's surfoce where o^gen enters 
into combination ; and consequently that the same pro- 
cess, whereby carbon is converted into carbonic acid, 
forms also an ever-renewing source of nitrogenous food 
for plants. 

Soon afterwards, Kolbe showed (* AnnaL d. Chem. u. 
Pharm.' bd. 119, s. 176) that if a flame of hydrogen gas 
is allowed to bum in the open neck of a flask containing 
oxygen, the interior is flUed with the red fumes of nitrous 

acid.* 

Jb'urthor, Boussingault observed that, in the consump- 
tion of common illuminating gas, the water in Lenoir's 
gas machine contained ammonia and nitric add; and 
sAiortly after, Bottger mentioned, in the * Annual Beport 

of the Physical Society of Frankfort' (meeting of Nov. 2, 
180 1), that, according to his experiments, not only in the 
case of hydrogen, but generally when hydro-carbons 

* The fi>nnataoii of nitrons add in eudiometrical expcrimeati was 
alieady known. 
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were burned, a certain quantity of nitrite of ammonia 
was always formed, torrctber with water and carbonic 
acid. Almost contemporaneously with this notice, I 
received from Schonbein a written communication an- 
nouncing the very same results which he had obtained in 
the same way, so that no doubt can remain as to the 
correctness of this fact. 

The practical larmer, who is really anxioii?? to improve 
his method of cultivation, must be led by these un- 
doubted facts to determine upon ascertaining, with the 
greatest clearness, the efiect of nitrogen in his manures. 
Before he has been convinced that the atmosphere and 
rain convey the necessary amount of nitrogenous food to 
his plaiitSj no one coiild expect him to renouiicu the 
emj)loyment of ammonia as a manure. When it is as- 
serted that the farmer can give a maximum of fertiUty 
to his land without supplying to it any nitrogenous 
matter, it is not meant that he must renounce the use of 
farm-yai d maniiro; but the assertion implies the existence 
of the latter, and is, in fact. Vuiscd upon it. 

For the restoration or auLfmentation of productive 
power in exhausted corn-fields, it is absolutely necessary 
that the arable soil should contain a surplus of all nutri- 
tive substances for cereal plants, nitrogenous among 
others, bLit no one in greater proportion than the rest, 
pit is assumed that the farmer by a i iL^lit succession of 
i crops, that is, by a j)r()[)er proportion between his com 
\and fodder fields, is always in a position, by carefully 
Ihusbanding the ammonia in his farm-yard manure and 
/avoiding jJl unnecessary waste, to provide the arable soil 
Svith such a sur])lu.s of nitroLicnous food will corres- 
pond to the proportion of the other nutritive substances 
therein stored ; and that the atmosphere annually makes 
up what he removes in his crops. 
The nitrogenous food conveyed by the atmosphere and 
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rain, is upon the whole sufficient for his ciihivatod plants, 
but not enough for many of them iii point of time. In 
order to give a maximum crop, many plants require, 
diuing the period of v^etation, much more than the air 
and rain afford in that time ; and therefore the &nner 
makes me of fodder plants iii order to increa^^e the crops 
of his com-fielda. The fodder ])lants, which thrive 
without rich nitrogenous manure, collect from the ground 
and condense from the atmosphere, in the form of blood 
and flesh constituents, the ammonia which is suppHed 
from these sources ; and the farmer, in feeding his horses, 
sheep, and cattle with the turnips, clover, l*^c., receives, 
in their solid and fluid excrements, the nitrogen of the 
fodder in the form of ammonia and products rich in 
nitrogen ; and thus he obtains a supply of nitrogenous 
manures or nitrogen, which he gives to his corn-fields. 

The nde is, that for certain plants, weak in develope- f 
mcnt of leaf and root, and wliich haw but a short 
period of vegetation, the fiirmer must compensate by the 
quantity of manure for the time which is wanHmj for' 
the absorption of the requisite amoimt of nitrogen from> 
natural sources. 

It is easy to see that the acciunulation of nitrogenous i 
food by farm-yard manure in tlie iipjiermost layers of the . 
ground, so very importiuit for the perfect growth of 
cereal plants, must chiefly depend upon the successful 
growth of fodder plants. 

The unmanured fields in the Saxon ezperimenta — 
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It is easily percdved from this table that the quanti- 
ties of nitroj^uu which could be obtained from the held 
and restored in the fonn of hirni-yard manure, bear a 
proportion not exact but sufficiently well uuii ked, to the 
cropa of dover produced by the field ; and there can be 
no doubt that the fiurmer who takes the right way to 
make bis fodder plants thrive, obtains at the same time 
the means of eiu icliin«: hin arable soil wilii a sui'plub of 
. .nitrogenous food for his coni-plants. 

We do not mean to imply that in every possible case 
the farmer must renounce the idea of supplying to his 
land ammonia from other quarters ; for soils vary so very 
mucli in their nature, that even though we can asssert 
that by far the greater proportion of them nniy not 
require a restoration of nitrogenous food, yet this will 
not hold good for all without exception. In a soil rich 
in lime and humous materials, in consequence of the 
process of decay going on, a certain quantity of the 
ammonia fixed in tlie earth is converted into nitric acid, 
which is not retained by the soil, l)ut is conveyed into 
the lower layers in the form of sjdts of lime or magnesia. 
Under certain circumstances, this loss may amount to 
much more than is compensated by the atmosphere, and 
for such fields a supply of ammonia will always be useful 
The same liolds good for certain soils which liave not 
been tilled for many yeai^, and in which, by the opcra- 
• tion of the causes above-mentioned, the necessarj" sur- 
plus of nitrogenous food, formerly present, is gradually 
expended. On recommencing the cultivation of sudi 
soils, tbe employment of nitrogenous manures will at 
firtit produce a remarkably beneficial effect. Afterwards, 
these too require no further supply. 

There is one reason which excites in the 6irmer's mind 
a prejudice in favour of nitrogenous manures, and that 
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ia the great inequality in the appearance of the young 
crops, when such manures are apphed in comparative 
experiments. The cereal plants upon fields manured 
with guano or nitrate of soda are distinguished before 

, others by u deep green colour, and by broader and more 
nianeruua leaves ; but the harvest is genei'ally far from 
corresponding to the expectations raised by this promis- 
ing appearance. Upon a field excessively rich in nitro- 
genous food, there is a kind of rankness in the early 
growth like that produced by a hot-bed ; the leaves and 
stalks are watery and weak, in consequence of the want 
of time in their over-hasty growth to absorb contempo- 
raneously from the soil the necessary quantity of sub- 
stances, such as gjl icic acid and li me, capable of commu- 
nicating to their oigans a certain solidity and power of 
resistance against those external causes which endanger 
their existence. The stalks fail to acquire the necessary 
stiiluess and strength, and ore always hable to be laid, 
especially upon lime soils. 

This injurious influ^ce of excess of nitrogenous food 
is particularly remarkable in the case of the potato plant ; 
for if it grows upon a soil eaccessively rich in nitrogenous 
food, and the temperature should sudderdy lall and wet 
weather supervene, the plant is often attacked by the so- 
called potato disease ; wliile a neighbouring potato field 
merely manured with ashes shows no trace of it. 

Among all the many experiments which have been 
hitherto made by farmers to improve their land, there is 
not one instituted for the puipo.-e of ascertjuning the 
actual condition of their soil, or of seeking proofe for the 
correctness of the notions which they had once adopted. 
The reason of their indifference about obtaining proofe for 
their views chiefly consists in this, that the practical man, 
like the artisan, is guided in his business not by ideas, 
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but by facts. Hence it is quite indiflerent to him, 
whether the theory, or what he dignifies by that name, is 
correct or not, as he does not regulate his proceedings in 
accordance with it. 

Manv thousanil iai incTs, who have not the remotest 
conception of the nuirition of plants or tlie composition 
of manures, apply guano, bone earth, and other manures, 
to their fields, with fiiily the same effect and with even the 
same skill as others who possess such information ; nor do 
the latter derive any manifest advantage from their know- 
ledge, because it is not of the ri trht kind ; for example, 
the chemical analysis of manures i;* rather calculated for 
ascertaining their purity, and for determining their price, 
than as a means for makmg us acquainted with their 
effect upon land. 

In England bone earth was used and valued as a 
manure half a century before any idea was formed as to 
what its operation waa due ; and when afterwards the 
erroneous theory was adopted that its effect depended 
upon the nitrogenous gelatine which it contamed, this 
view did not exert the slightest influence upon its 
employment 

The farmer manured his field with bone earth, not on 
account of its nitrogen, but because he wished to have 
larger crops of com and fodder, and because experience 
told him that he could not expect them without bone 
earth. 

An agrieulLural [)raeticc, founded upon a simple ac- 
quaintance with facts, without any idea of their nature, or 
one based on the exhaustion of the land, may be conducted 
by a person of very limited intelligence^ nay, the most 
ignorant man may be fitted for the purpose, by the mere 
statement of facts to him. But a ratioiml pursuit of agri- 
culuue, which, with the greatest economy of capital and 
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labour, can obtain from a Held coiitinuously without ex- 
haustion the highest crops it is capable of yielding, 
requires a Jaige compass of knowledge, observation, and 
experience, more perhaps than in any other business. 

For llie liiLioual agriculturist must not racnjly know all 
tlie facts with wliicli the iUiterate peasant is acquainted, 
but he must also be able to appreciate them at their 
proper value ; he must know the reason of all his proceed- 
ings, and what effect they may have upon his land. He 
must be able to interpret what his field tells him in the 
phenomena which he observes in practice ; in a word, he 
must be a thorough man, and not a half-and-half creature 
who knows no more about his actions than a tom-cat, 
with just skill enough to catch gold fish in a basin of 
water.* 

* K we compare the theoretical views expressed in the works of 
oonfessedlj good practical fiamers with the cystem of husbandry which 
they have found by their own exporienoe to be the best, we observe 

the most irreconcilable contradictions between the two. 
Walz (*Gonmiimication8 from Hohenheim,' No. 8, 1857) disputes 

both th^ propositions, viz. : — 

' 'rimt the removnl of the mineral cojistittionts in tlic crops, irithmit 
cmnpensation^ producea sooner or later lasting unfiruitMness as a con* 
sequence.' 

' Thnt if a soil is to maintain its fertility con(iiiii<)u.ilt/j the removed 
mineral coustltucutij miujt, sooner or later, be returned to it, i.e. the 
compoiiition of the soil must be restored.* 

And gives as his opinion that both these propositions are at present 
applicable only to soils of the worst kind, which needed a supply of 
mineral matters from the very beginning. 

Now, if we turn to the ' Application of his theory to practice * (pi^ 
117)i we would naturally suppose that he would never trouble himsdf 
about any compensation ; but it soon appoars that he is &r from believing 
in the truth of his own doctrines. He lays the proper stress upon 
restoration of potash, lime, magnesia, phosphoric acid, g}'psum, guano, 
bone-earth, marl, and farm-yard manure; and la}'^ down the following 
rule : — ' That the farmer, to keep his j^-oimd in uniforndy increasing 
fertility, must not remove more in his crops than the products of the 
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atmosphorc aiid the asHiiiuIal le mineral Bubstnnces a(lil< <i (tnniiaUy to 
the Soil I'y the action ol" the weather.' lie says further: — '11 the 
ilii iiitr wurc to coiilhie hia busineas entirely, eg. to the maoufiicture of 
hetr, spiritf sugar, «lareft-fneal, dexirittef vinegar, and the sale of 
uimal pradticto merely to iii(ler,iiamg up the aldmmed milk; if l(» hia 
daily he were to Imy none but fidl-grown oows and not breed them 
himself, thus endeavoming to keep the phosphates upon his fiurm, then 
he would not only preaenre oontinnally the mineral substances in his 
store of manure, but ho would also increase them by the yonrly prooeas 
of disintsgration, unless he preferred to alienate the latter in his produce 
(s. 142). 

Hence the point of his practical tcnchin)?. in diroct opposition to his 
theoretical, i*? tiiat, in order to nlitaiii uniform crojis. <^rcz.t care must 
be taken to maintain and restoi L- tlie composition of tlio soil. 

The practical muw proves tliat tlie notion.-; wliicli he has conceived 
are entirely inapplicable in Lis practitf; and that the scii'ntific 
principles which he disputes are precisely those by which he is un- 
oonaciouely guided. Sound practice and true acienoe are ev^ in 
imison; and a contest on these matters is possible only between two 
personSi one of whom does not mMierstand the other. The chief ftolt 
lies in want of precunon in defining thingSi and in mnng indefinite or 
vague language to express our ideas. 

The opinion of Kos. ubeig-Lipinsky (see his * Practical Agriculture,* 
b. ii. Breslau : £. Trewcnda, 1862), is 'that no ].:n(I of plant actu- 
ally exhausts tlie great storehouse of the soil' (p. 7iib); and further, 
* that plants, directly and indirectly, return to the soil more Btrcmrth 
than they take from it' (p. 740). Thin ojiinion is thus modified 
(p. 742): — 'when tliereforc the liinner dnoa not take sullieient c-are 
that the more important magazine uf nutriment, the soil, n-ceives 
at the right time, and in proper quantity, the nccetifiary com|HiUe«tion 
for that which is inevitably consumed, the picture of eiiiaustion which 
the cultiTSted plants manifestly wear, cannot possibly be chaiged upon 
their oonsumers, but the blame ia whoUif and toUly attributable to the 
fioroer himseUl* Forthar, at p. 740, he says, * Only in those phunS| 
where the ii^ostictt of the elements, or of man, has violentljr disturbed 
the natural laws of the nutrition of plants, does the scanty Tegetation of 
the wild flora indicate the exhaustion of the soiL' 
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OOlOfOH BAI^y IQTR&TB OF BODA, BAVHB OP AMMORIA, 

GTFSnf, LIUB. 

Effect of these substances as elements of food ; tibdr effoct on tlio cnndition 
of the soil — Kuhlmann's oxprriiiK'T^t-^ with conimnn unU, nitrate of sodn, 
and salts of ammonia; experiments with the same substances in Bavaria j 
eoodiuioas: theoe matters are elements of food; they are chemical 
meniiB for preparing fhe mhI ; they eause tiw dtftributioa of the food in 
the floil in the form proper for the growth of plants — Experiments hy 
Pincus with pypsum and sulphate of ma<nit>sia on clover; decrease of 
flowers niul increase of stem and leaves ut clover bj sulphates; the crop 
is not in propcvtion to tiie quantity of sulphatM used Efict of gypsum 
not yet explained; indication in the oonportment of dover soiis with 
solution of g^'psimi ; such solution disperses potash and magnesia in the 
soil — Manures, their effect not explained by the composition of plants 

* produced by them— Composition of the ash of clover manured with dif> 
leient sobetances — Eiect of Ume ; experiments of EnUmami and T^rager ; 
oomportBient of lime-mAer with toila. 

rnHESE salts are employed in agricultiire in many cases 
X with marked success as manure ; and since iiitric acid, 
soda, ammonia, sulphuric acid, and lime, are nutritive 
substances, the explauation of their eiiicacy presents no 
difficulty. But they also possess other peculiarities, by 
which Uiey aid and promote the action of the plough and 
of mechanical tillage, as well as the influence of the 
atmospliere upon tlic condition of tlie fic4d. Tliis influ- 
ence is not always clear to our minds, but it is not less 
certain. 

We have every reason to beheve that where the crops 
are increased by manuring with common salt alone» or 
when the &vourable influence of salts of ammonia or nitrate 
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of soda is augmented by the addition of conimoa salt, the 
operation of the three salts essentially depends upon their 
power of difiusing the nutritive substances present in the 

soil, or of prepai iiiL: tln.)se substances for tibsorption. In 
wlmt maimer this lukcs place with all is not yet uxplumed. 
The first trustworthy ex[)oriments in tliis direction were 
made by F. KUhlmann ('* Anna] de Ghim/ 8 ser. t. xx., 
p. 279). In the year 1845 he manured a natural meadow 
with Sill ammoniac, sulf)li;ite of ammonia, and common 
salt ; aud obtained the following quantities of hay : — 

Crop of hat/t per hectare^ 1^4 j and 1846. 

laorewcd crop 

Unniaaiuied 112SS kilos. — 

Sal ammoniM^ yearly 200 kOM. . 14904 „ 3700kiloiL 

CommJi aalt 200 I } * "•^ " ^ » 

Another meadow yielded :— 

Crop of hay, per hteiaref 1846. 

loorBMBd crop 

Unmaanfed ..... 882Skilo«. — 
Solphato ol ammonia 200 kiloH. . M66 „ 35881d]ofl. 

ComSona-lt \ m I! } • " «W " 

For the purpose of examining the effect of common 

salt upon cereals, the General Committee of the Agricul- 
tural Society in Bavaria instituted at liOL^euhausen and 
Weihenstephan, in the years 1857 and 1858, a series of 
experiments, conducted thus ; of two plots, the one was 
manured with salts of ammonia, the other with the same 
quantity of salts of ammonia and an addition of 3080 
graninu's of common salt. TJicse experiments were 
described at page 302, and it will be suihcicnt ]iere to 
quote the crops which were obtained with salts of am* 
monia alone, and with common salt added to salts of 
ammonia. 
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BogenhauBen, 1857. 





Miuiuritl witli 
salta of f^"in"nifli 


Maiiurtxl with 

oommon salt and aalu of aixuaonta 


» — » — 


Gom 




/• 

Cton 


Btnm 


Plot I. . 
II H< • • • 
„ III. . , 
j >» I'V' • • 


GratnnuM 
6355 
8470 
7380 
6912 


Grammes 
16205 
16780 
17920 
18287 


Criiiiinii-.^ 
1455U 
16610 
9887 
11130 


Cm 11 lines 
27U20 
86646 

24832 
27969 



Boffenhmtaen, 1858 (p. 303). 



Winter-wheat 


Mannred with 
BaIt«of aramonia 


Manarod with 

COmtnnn <^lt ail'l salts of atnmnntn 


r 

Com 




Corn 


1 ^ 
straw 




Grammes 


(rrajiinipa 


Grammes 


GraiiiTiK'ri 


PlotL . 


19600 


41440 


29904 


61040 


»» n* • • 


21620 


88040 


81696 


71960 


„ lU. . . 


25040 


67860 


31416 


74984 




27090 


65100 


34832 


74684 



In both these series of experiments, the crops of 
corn and strmv were remarkably increased by the addi- 
tiou of common salt; and it is scarcely necessary to 
repeat, that such an augmentation could not possibly 
have taken place unless the soil had contained a certain 
quantity of phosphoric acid, silicic acid, potash, &c., 
capable of beiiig brought into operation, but which with- 
out common salt was not assimilable. 

Similar experiments were undertaken by the same 
society in Weihenstephan with nitrates ; and the crops 
produced by ihese salts alone, and with the addition of 
commua salt, per hectare, were as follows : — 
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WtAm9tej)haH, 1857. — Summer barley. 



1857 


L 

Unmanimd 


n. 

RItoite of 
■Od» 


III. 

NltTnt<« of 
xol.i \\ it h 
oonuuoa mlt 


IV, 

Nitrate of 
potash 


V. 

Nitrate of 
pota<(h with 
oouuttoo ml% 


yi. 


SumiDer-bwU^y 
Quantity of 
manure . 


kilos. 




kilM. 
40i-«-137» 


kilos. 
47S 


kilos. 


kilos. 
473 


A ] ^**™ • 
\ Straw ■ 


MM 


«78 


ss 


fOM 
4111 


mt 


It» 

am 


1*88 
Wlatar>wliMt 

(the mme 

^ f Com 
\ Straw . 




8354 


2211 
41&1 


2248 


2328 
44&4 


2.VW 
M»l 



The experiments tOre remarkable, in so far as they 
appear to indicate the cases ia wMcli the nitrates alone, 
or in ODmbination with oommon salt, exert a favourable 
influence upon the increase of the crops. 

The land in Weihenstephan is peculiarly suited for the 
cultivation of barley. Field A, after a mamiring of tiieor- 
dhiary kind, about 600 cwt. per hectare, had l)ome turnips 
in 1854^ peas in 1855, and wheat in 1856 ; it was then 
intended to let it lie fallow for one year, and to dress it at 
the end of the year for a new crop. On the other hand. 
Field B, before the expLi nneiit wa.s iiiadc-,lia(l already hunie 
four crops, namely, rape, wheat, clover grass, and oats ; 
and was, in comparison with the first field, more exhausted, 
and by means of the oats and clover made much poorer 
in nutritive substances for the following cereal crop. 

This seems to aflonl un explanation of the sti iking tact, 
that in 1857 the nitrates exercised upon the field a far 
more favourable influence than piiano, although the soil 
had received as much nitrogen in the guano as in the 
nitrates, with the addition of phosphoric acid and potash* 
The field was still rich enoii<rh in nutritive substances for 
a good barley crop, and merely rerpiired their more uni- 
form distribution (which was effected l\v tin nitrates and 
the common salt), in order to make available to the roots 
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of the barley plants as much or even more food than was 
the case with the plot manured with guano, on which the 
sum of the nutritive substances was greater. 

In estimating the results of these experiments we must 
take into account the fact established by Dr. Zoeller, that 
soda seems to take a definite part in the production of 
barley seed. It is clear that the nitrates used did not 
simply act as agents in distributing other nutritive sub- 
stances, but the soda as well as the nitric acid had tlieir 
own share in the production of tlie cro]). In the fourth 
experiment the field received as much nitric acid as in the 
second, but the base combined with the add was potash 
and not soda ; and in the fifth experiment the addition of 
common salt produced a remarkable increase in the corn 
crop. However, in the third and fifth experiments the 
quantity of salt applied was evidently too high, and the 
excess brought down the crop below that obtained with 
nitrate of soda alone. 

Upon the more exhausted field in 1858 the crop 
ub tamed by guano in corn and especially in straw ex- 
ceeded all the rest In the arable soil of this field the 
amount of nutritive substances was on the whole smaller^ 
and the addition of fresh elements of food made itself felt 
in a much higher (h gi ce than the distribution or dissemi- 
nation of the substances abeady present in the soil. Still 
by the addition of common salt the crop ot wheat was 
also increased. 

The efiect of potash upon wheat is as striking as that of 
soda upon barley. 

As regards the elTect of common salt and salts of soda 
generally, the analysis of the ash of turnips and potatoes, 
kitchen-garden and meadow plants, shows tliat, as a rule, 
the ashes of the former contain a considerable quantity of 
soda, and the ashes of the latter are proportionately rich 

z 2 
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in chlorides. The grass of a meadow, wliich hat^ been 
manured with common salt, is eaten by cattle with greiitt r 
relish, and preferred to any others so that even from this 
point of view common salt deserves attention as a manure. 

As that part of the action of nitrate of soda, sca-salt, 
and wilts of ammonia, which consist^s ui efTectini? the dis- 
thbution in tlie soil of other elements of food, may con- 
sequently be replaced by careful tillage, the effect pro- 
duced upon the crops by these salts affords a pretty safe 
indication of the condition of a field. If all otlier circum- 
staiK't\s are the same, their effect will be much lesa marked 
upon a well tilled £eld than upon one not in the same 
GonditioD. 

Gtjpsum.— Among the recent investigations respect^ 
ing the action of gypsum on dover,* those made by 

* That excelleiit and most Mj oonduded agricultora! journal, 
' Zeitachrifl des landwirthachaftHcfaen Vereins Air Rhcui. Preuaseii,* 
contaiiu, in Not. 9 and 10, September and October 1861, p. 852, the 
Iblloinng statement about the remarkable fertility of afield for dover:— 

^Twenty-three years ago Farmer Kirfield, of Bhon, in the hundred of 
Antweiler, Aldenau district (volcanic Eifel monntainB)| sowed a plot of 
land, said to aboond in broki n tJiells, with espanMAe. For ten years 
he ohtninecTgood hay crops, and abundant ailer-grass. After this time 
a good deal of grass hcgan to mnko its appearance among the esparsette. 
To destroy this Mr. KirliclJ had liis field deeply haiTowed in sjjrin^r, 
with iron liarroAvs acrosn tlie ridgeH, and then sown over again with 
8 pounds ot' red clover seed. The red clover grew up splendidly with 
the esparsette, and gave for three years running two full crops per 
annum. At the end of the third year the land wjus again deeply har- 
rowed and suwn anew with 8 pounds of red clover seed. It gave 
again for three years running two fiill crops per annum of an excellent 
miztmre of esparsette and red clover. The same operation was re- 
peated twice after with lihe ssme success, so that the field has now finr 
twenty-two years, consecutively, borne dover; that ia to say» ihe first 
ten years espaisette alone, the fiillowing twelve years esparsette with 
red clover.* 

It would be interesting to get a proper analya» of this soil, wilb 
especial regard to its abioiptive power fat potadi end phosphate of 
lime. 
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Dr. Fincus of Insterbiii^ are the most important, bolli on 

account of the caielul iiuuiuer in "wiiicli they were con- 
ducted, and the coiiclusioiis drawn from them. At Dr. 
Pincus' request, three plots of ground, each of a moigca 
(about f of an acre) in ejctent^ and lying close together, 
were selected by Mr. Bosenfeld in the beginning of May, 
from the middle ol a large clover lick! in the neighbour- 
hood of Lenkeningken. The clover crop liad a very pro- 
mising appearance, and the plants were then about an inch 
high. One of the plots was manured with a cwt of 
gypsum, the second with the same quantity of sulphate of 
magnesia, and the intervening plant was left unmanured. 
The clover field from which the plots were selected was 
one of the best cultivated and most fertile in the district, 
and had produced in the preceding summer an abundant 
rye crop. The plants growing on the unmanured plot, 
when compared with those on the manured, very speedily 
presented a diHerence of colour and condition. 

On the plot manured with gypsum, they were of a 
deeper green» and stood higher. The difference was most 
striking at the time of flowering, which occurred in the 
unmanured plots foiur or five days earlier than in the 
manured ; the whole field being everywhere in full bloom, 
when scarcely a flower was to be seen in the mauuied 
plots. When the manured plots also were in flower the 
clover was mown (May 24th). A square ruthe was mea- 
sured from each of the experimental plots, and the clover 
separately cut and weighed. 

Calculated per Prussian morgen (=| of an acre), the 
results were,^ cwu-ofciovcr-haf 

per morgen 

Without manure 21*6 cwta* 

With gypsum 80*6 „ 

With nilpliate Off magnesia . 82*4 „ 

On a closer examination of the dover-hay it was found 
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that the increase in the crops obtained irom the plots 
manured with the sulphates did not extend equally to all 

parts of the plant, but was more particularly observable 
in the [)nKlucLiou of i^iuiiis. There were fouud iu 100 
parts of the clover iVom the manured plots more stems, 
fewer leaves, and still fewer flowers, than in 100 parts of 
the unmanured clover. 



100 parte of clorer-hay, flowers . 

leaves . 



Umrumuml 

. 1715 
. 27-ln 
55-40 



or« 



Tlowcrs 

Clover-hay, iinninmirfMl . . 17" 15 

,1 mauured with gjp^in 11*72 
It 11 aulphate of 

magnesia . • * 12*16 



Honnred 

with 
gypmim 

11-72 
26-22 
61-C2 



27-15 

25- 2» 

26- 22 



with lulphftM 
of tnagncala 

121 6 

25-28 
630 



63-0 
61-62 



These proportions of the different organs of the clover 
plant show that the action of the sulphates has led to a 
very considerable increase of the wood-cells, or, in otlier 
words, to an extension of the stems at the expense of the 
flowers and leaves. The relative proportion of the 
flowers, leaves, and stems, was : — 



Clover-hay, unmanurcfl . 

maatu ed with g}'psum 



tf 



If 



magnesia 



Flowers 






. 100 ; 


ICO : 


; 823 


. 100 ; 


: 216 : 


1 607 


of 






. 100 ; 


: 216 : 


538 



According to the law of the symmetrical developement 
of plants, WL' may, ^viilioul risk of en'or, lake it for 
granted that the developement of the root mcreased in 
die same ratio as that of the stem. Now, as the increase 
of a plant in bulk is pro]X»rtionate to the extent of food 
absorbent snrface, wecan understand that themannred plots 
should have produced when compaied with the unmanured 
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not only a larger mass of stems, but, as in the rase of the 
sulphate of magnesiia plot, also of flowers aud leaves. 
The entire crop^ per moigen, was, — 



Flowers 

Leaves 

Stems 









Ifannm! with 








BUlphiito of 








miifnu'siii 


370-5 Iba. 




Iba. 


lbs. 


592-9 


773-7 


11 


849-5 „ 


1196*6 „ 


1927-8 


n 


1996*5 „ 


2160 „ 


3060 


n 


8240 „ 



The quantity of most of the ash constituents was found 
laiger, nearly in the same proportion as the produce was 
greater. Fho^horic and sulphuric adds, however, 
showed in this respect a marked difference from the 

other ash-constituents, inasmuch as the quantity of these 
two substances was both absolutely and relatively larger 
in the clover from the manured plots. 
The ash of the air-dried dover-hay amounted to — 







Kunrad 


Maoom! with 




Uninonurod 


■with 


enlpbaUi of 








magnesia 


Per cent . • • 


6-95 


7-96 


7-94 


In the entire crop . • 


150-0 lbs. 


213-0 lbs. 


257-0 lbs. 


Containing sulphuric acid . 


20 „ 




60 „ 


t, phosphoric acid 


11-&5 „ 


21-55 „ 


21-82 „ 



The dressing with the sulphates liad checked the deve- 
loponent of the flowers, and also that of the fruit ; and 
it is evident that, though a higher crop of stems and 

leaves may be obtained by the use of these agents from a 
given surfEu^e, the result is not the same as regards the 
seeda With an increase of flowers, leaves, and stems in 
the same ratio as on the unmanured plot, the two mor- 
gens of ground, dressed severally with gy|)sum and 
sulphate of matrnc^iii, ought to lla^'e produced more than 
600 lbs. of liowers each ; whereas, compared with the 
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enonnous increaae in the wdgbt of the stema^ and a not 
inoonsiclerable one in the weight of the leaves, we find no 

iiKTcase of flowers, and consequently also none of seed 
(l*incu8). Ihe^e most carefully conducted experiments 
confirm the general rule, that wherever external causes 
&votir the developement of some organs^ it can only be 
effected under Hke conditions of the soil, at the expense 
of other organs, and tliat in the case of clover, a.s m that 
of tile Cereals, increai^e of btraw is attended with decrease 
of seed. (For further details of these experiments, see 
Appendix J.) 

As the substitution of magnesia for lime, in the experi- 
ments now described, led to an increase of the clover crop, 
it may be safely assumed that in eases where gypsum is 
found to be favoui-able to the growth of clover, the cause 
must not be sought for in the lime, although it is very 
^ often found that many fields will grow clover only after a 
copious dressing with hydrate of lime. For we know 
also that ervpsum pruniotes the growth of clover on m;ui.y 
fields. uuturuUjL M'buudaiit- iiL iirna^ and since arable soil 
has the property of absorbing ammonia fix>m the air and 
rain-water, and fixing it in the same or even a higher 
degree than salts of lime, there is only the sulphuric acid 
left tu look to for an exi>lanation of tlie favourable action 
of gyT)sum upon the growth of clover. 

But the experiments of Pincus clearly demonstrate that 
the crops obtained by manuring with the sulphates bear 
no proportion whatever to the quantity of sulphuric add 
suj)plied in them to the ileld. 

The quantities of sulphuric acid severally contained in 
the two sulphates used were 80-12 lbs. in the sulphate of 
magnesia, and 44'ld lbs. in the sulphate of lime, which is 
as 6 : 8*8. The quantities of sulphuric acid in the two 
crops obtained severally by sulphate of lime and sulphate 
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of magnesia, were as 6 : 8 ; the ash of the clover pro- 
duced by sulphate of lime contained a little more than 
8 Ib.s., and that from the sulphate of magnesia 6 lbs. On 
the plot dressed with gypsum the clover plant found a 
larger total quantlly of sulphuiic acid than on the sulphate 
of magnesia plot» and absorbed a correq[x>ndingly larger 
proportion. But this additiontil quantity of sulphuric 
acid ab>">orbed did not increase the amount of produce ; 
on the contrary, on the plot manured with sulphate of 
magnesia, which had received less sulphuric add than the 
g} psum plot, the amount of vegetable matter was 8 per 
cent, higher than on the latter. 

These focts show that we are still in the dark about the 
action of gypsum ; and it wiU yet require a great many 
and most accurate observafioiis before we are likely to 
arrive at a satis&ctory explanation. 

So long as the notion was generally entertained that 
plants derived their food from a solution, the effects of a 
soluble salt upon vegetation could, of course, be attri- 
buted only to the constituents of that salt But now wc 
are aware that the earth itself performs a special part in all ^ 
the processes of nutrition ; and there might, therefore, be 
grounds for supposing that the action of gypsum upon 
arable earth, or of the latter upon the former, might 
fttmish a k^, to some d^ee at least, to explain the effect 
of g}'i>sum upon the growth of clover. A series of ex- / 
periments made by me upon the alterations which a satu- 
rated solution of g}'psum in water undergoes in contact 
with different arable soils, give very remarkable results, 
which I will now state, without venturing to draw any 
definite conclusions from them. 

I found that a solution of gypsum in contact with all 
the arable soils which I used, underwent decomposition, 
part of the lime separating from the sulphuric acid, and 
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magnesia aud potash takuig its pkoe, quite contrary to the 
ordinary affinitiea 
The experiments were made as follows: — 300 grammes 

of each earth were mixed with a htre of pure water, aud 
300 other <^raiumes of the saiue earth with a litre of a 
saturated solution of gypsum. After twenty-four hours 
the fluid was filtered, and the filtrate tested for magnesia. 
Pure distilled water took up from* all the ex})erimental 
earths, sulphuric acid and chlorine, besides traces of lime, 
magnesia, and soda, and occasionally also of potash, but 
mostly in inappreciable quantities. The alkaUes, as well 
as the lime and the magnesia, seem to be dissolved by the 
agency of organic matters, as the dried residues blackened 
upon heating, and effervesced with adds after ignition, 

Quantitiet of magnuia ditiolved severally <ntt of SOO grammes of earth 



by one Utre of 

DUtilivd water Gypsnm water 

MUUcr. of fnagnwia Xflltgr. of wgat^a 

Bogenhausen earth . • . 30-2 70*6 

Schleinhcim „ . . , 31-6 87 3 

Bogenliauaen subsoil . . • 12*2 84*2 

Earth firom Botanic Garrlcns . 45-4 108-6 

„ Bogenhausen, No. !.• 2G-G lOMi 

„ „ No. IL 3b'2 98-0 

„ Schornliof . . 8-6 63*4 

„ a cotton field, Alabama 1*9 3*8 



These figures show that dressing a field "mth sulphate 
of lime makes the maiz;iie>ia in the soil soluble and dis- 
tributable. If the action wiiich gypsum exercises upon 
the growth of clover depends really upon an increased 
supply of magnesia, this must surely be looked upon as 
one of the most curious &ct8 known, since the increased 

• On this fiold it had been experimentally proved that dressing with 
gypaum would give a larger clover crop. No. L bad not yet been 
mantiMd witib gypsom, No. II bad. 
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supply is effected here by tlie aid of a lime salt An 

experiment, made specially for the purpose, showed that 
the contact of arable earth with the solutiou of sulphate 
of lime is attended by an actual substitution of magnesia 
for lime ; that is to say, a certain quantity of lime is with- 
drawn from the solution and combines with the earth, 
whilst tlie liberated sidplmnc acid, which was united to • 
the lime, withdraws from the eaith an equivalent quan- . 
tity of magnesia. In a litre of gypsum water which ^ 
had been in contact with BOO gnonmes of earth from a 
wheat-field, there were found the following quantities of 
sulphuiic acid, magnesia, and lime ; — 

Th»vaM0pMm Xte0pHm««lcrwUcli 
witer luM Men Inooataet 

contained in 1 litre ndth the earth 

Sulphuric add • • 1*170 gnunmes 1180 grammes 

Lime . . . . 0 820 „ 0-736 „ 

Magnesia . . . 0074 » 

Besides the magnesia, a certain amount of potash also 

seems to be dissolved uul oi Lhe cailh by aid of the 
gypsum. 

Out of 1000 grammes of earth from a wheat-£eld, 
tiiere was dissolved by— 

Potaab . 24-8 milligr. 48-6 miiligr. 

These experiments show that the action of gypsum is 
veiy complex, and that it promotes the distribution of 
botii magnesia and potash in the ground. This much 

is certaiu, that gypsum exercises a chGiiiical action upon 
the soil, which extends to any deptli of it, and that in 
consequence of the chemical and mechanical modification 
of the earth particles of certain nutritive elements be- ' 
come accessible to, and available for, tiie clover plant, 

which were not so before. 
The cause of the action of a manuring agent is 
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usoally sought for in the compoedtioii of the pknt, but I 
do not think that this is always to be relied upon. The 

composition of the scod of jjlant^ of wheat, for instance, 
iti 80 constant, or varies so little, that it is quite impossible 
to infer from tlie results of the analysis of the seeds 
whether the soil on which they grow abounded or was 
deficient in phosphoric acid, nitrogen, potash, &c. The 
abundance or deiiciency of food in Ji field exercises an 
influence upon the number and weight of the seeds, but 
not upon the relative proportion of their component 
elements; Thus, for instance, Pincus found a somewhat 
laiger percentage of magnesia in the unmanured clover 
than in the plants manured with the sulphates ; but 
taking the magnesia of the whole crop, the quantity of 
this substance was much larger m the latter than iu the 
fonner. 
Amount of magnesia in — 

Manured Monnivd 
XJnmanorKl wlUi with lulpbst* 

gjpnn of BuigncriA 

100 partsof ashofdover-haj. 5*87 5*47 5*27 

In the whole crop * . . 8*8 lbs. 18*29 Ibe. 13*54 Iba. 

Variations in the percentage proportions of potash^ 

lime, and magnesia, may be often observed in all those 
plants in which, n< m the case of tobacco, the vine, and 
^ the clover plant, ])uLu^h may be substituted for hme, and 
vice versa. But in such cases the decrease of one body 
is invariably attended by a corresponding increase of the 
other. 

Now if gypsum has the property of effecting a distri- 
bution of the potash in the ground, and this is wanting 
in magnesia, more potash should be contained in the 
clover manured with gypsum than with sulphate of 
magnesia. According to the analysis made by Fincus, 
the ash of the clover-hay contained :— 
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CloTcr Clover mannred 

manured with with hulphuta 



gypsum of iuague«ia 

, , i Potaoh . . Iba. 82*91 lbs. 

In per cent. . -J Lime . . . 1917 ,, 20-66 „ 

In the whole a.b I Lime . . . 46-6 ^ ^'2 « 

These figures show that the quantity of potash is 
indeed laiger, and that of lime smaller, in the crop pro- 
duced by manuring with sulphate of lime than in the 
higher crop from sulphate of magnesia. 

In the clover-hay reaped from tlie latter plut, the defi- 
cient potash was mauitestly replaced by lime, and in the 
dover-hay from the gypsum manure plot, a certain 
amount of lime by potash. 

An inyestigation, made with much carefulness, and 
wiiliout the least bias, as tliis by Pincus, appears, among 
the frivolous and loosely-conducted researclies with which 
agriculture imfortunately abounds, Uke a green oasis 
in a dreaiy desert^ and is well calculated to show how 
much real knowledge remains still to be gained of the 
processes in the soil witli respect to the nutrition of 
plants. (See * Agriculturo-cliemical and Chemical Ee- 
searches and Experiments made by Dr. Pincus, at the 
Insterbuig Station for Agriculturo-chemical and Physical 
Experiments.* Giimbinnen. 1861.) 

Lime. — I have, imfortunately, never had an ojipor- 
tunity of exainiuing a soil on which a lime-dressmg has 
exercised a beneficial efiect, as this substance is not used 
by formers in the neighbourhood either of Oiessen or of 
MunicL The experiments made by Kuhhnann, on mea- 
dows, in the years 1845 and 1846, seem to show tliat 
hme is principally useful in altering the condition of the . 
soil ; but having no data before me as to the particular 
soil on which these experiments were made, I am unable 
to point out wherein this alteration consists. 
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Hay crop reaptd^per hectare^ 1845 and 1846* 

Meadow munaniind .... 11203 — 
„ maaured with SOO kiloa. of alaked 

lime^ each year 14263 Increiue 3000 

„ mamiied with 500 kika. of chalk 

each year 10706 DecreaBe556 

It may safely be taken for granted here, that if the hme 
had acted a? a nutritive element in the developement of 
the meadow plants, the plot manured with carbonate of 
lime ought to have given a higher, but afisuredly in no 
case an inferior crop, than the unmanured plot But die 
very reverse is the case : the carbonate of hme, which 
could only spread through the soil dissolved in carbonic 
acid, had an uniavourabie effect ; the caustic lime, on the 
contrary, nvas benefidal. 

Among the Saxon experiments already so often alluded 
to, there are two of sufficient importance to deserve par- 
tictdar mention here. One of these was made by 
Traeger, of Oberbobritzsch ; the other by Trager, of 
Eriedersdorf. The latter omitted to make a comparative 
experiment to diow the difference between the produce 
from a plot manured with lime, and that from an unma- 
nm"ed ])lot of the same size. Instead of the latter, there- 
fore, I placed here by the side of the lime experiment, for 
the sake of comparison, another made with ground bones 
on a plot of the same size. 



Experiment at Oberbobritzsch. 
Lime manuring (110 ewts. quick limp). 





- ^ 


Pradiuwpflr won 
nanarod with Utoe 






Com 


straw 


r 

Corn 


8traw 


1861. Ttvo . 
1863. Oaf-^ . 

1862. Potatot^s 
1804. dover-haj 


1463 
1628 
07A1 
Oil 


Ibd. 
3016 
1812 


Ibe. 
1812 
1748 
11021 
2043 


llNi. 

3773 
2320 
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Eacperunent at Friedersdorf. 
lame mamriiig (mna qnuititj m abo^e). 





Produce per acre, manarod 
wtth lea ibft. frooDd boM 




Prodaoe per • 
nmmndwllh 


ora 














r 

Oam 


Bfemw 


/■ 

Ctam 


DBMr 


1861. Ryo . 
1853. Oata . 
1852. Potatoeii 
1864. dorar^haj 


lbs. 

990 
12.')0 
8994 
4614 


ItM. 

3273 
2226 


lb«. 
1012 
1352 
12357 
44S8 


lb«. 

3188 
2286 



Guano produced, in the year 1854, on the field at 
Oberbubritzsch, a higher clover crop than the lime (see 
page 266) ; but on the field at Friedersdorf it was smaller. 
616 lbs. of guano produced, at Friedersdorf, 2S37 lbs., 
at Oberbobritzsch, 5044 lbs., of clover-hay. 

Experiments, in whieli J bnuiirht liiiitj- water in contact 
with different sainplcs of arable soil, have shown that the 
latter possesses a similar absorptive power for lime as for 
potash and ammonia. The earth was mixed with lime- 
water, and after remaining at rest untU aU alkaline reac- 
tion had disappeared, a fresh quantity of lime-water was 
then added, just sufficient to cause a feeble but permanent 
alkaline reaction. 

Experimenta on the amount of lime taken up wt of lime-water by 

dijferent arable soils. 



litre* of Bogvnlurawti CAxth took up 

„ Schlci<>slirifii l arth 
„ wcih £rom Butauic Gardens 
mbsdl from Bogenhittteeii 
wheat soil . 
from tlio same field after bearing 
a crop of clover . • 
1 ff ci turf povdeir • 



ft 
fi 
ft 



XJat out of 11me>iraUr 



gnu. gnlBB 
2-824-48-6 

2 ?97 = 37 0 

3 000 a 46*2 

2-471 •SS-O 
2-471 »88H> 

6*301 ^sr-o 



2269-84788 
1917 = 20521 
2400 - 36960 
26S0«*40m 
1976* 80480 

1076 - 30480 
6040-77616 



* 1 Litrasl eabic decim^ties61 oabic inches. 
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Tlic investigation into tlie alterations produced in the 
earth by the absorption of hme, more especially as 
r^ardfl potash and silicic acid rendered soluble, is not yet 
terminated. 
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APPENBIX A (page 17). 

EXAICIKAHOM OF BSECH-LKAVES AT DIFFERBKI SIAQES Of OEOWIil* 

(pU, ZO£LL£B.) 

Beech leavea and asparaguti, their ash-constituents at dilllrent pericwis of 
growth — The amylum of the palm — Motion of sap in planta — Drain, 
lysimeter, river, and bog water, their constituenta — Fontinalis antipyretics 
from two dillorcnt waters, asli-conatituents — Vegetation of maize in 
solutions of its fom! — Exprnninnt.^ on the "Towth of Honns in pure and 
prepared turf, results — Japanese agriculture — The cultivated soil of 
the torrid zone, ita exhauatibility, its manure — Analysis of clover hy 
Pincua — dorer aiekneaai ita cauae. 

THE beech tree (fag us sylvatica), from which the leaves 
examined were gathered, stands in the Botanical Garden of 
Munich. The leaves marked I. period were taken from the tree 
of four different sizes, on May 16, 1861. The smallest leaves a 
were jiist unfolded from the leaf-bud, whilst those marked d 
were fully expanded. There were between a and d a difference 
of four days* growth. The otlu r two sets, marked severally b 
and c, were in size and periud of growth intermediate between 
a and c/. The leaves of the I. period were very delicate, and of 
yellowish gn en colour. 

The h'avt'.s ui the IT. period were gathered on July 18, those 
of the III. period on October 15, 1861. The leaves of each 
period possessed among themselves the same size and firmnoj^s 
of structure. The colour of the July leaves was dark green, of 
those of October somewhat lighter. 

A A 
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The leaves of the IV. period were from the same tree, but 
had been gathered in the end of Kovember, 1860. They had 
ivithered on the tree, and were quite dry. 

One hundred parts by weight of the fresh beech leaves con- 
tained: — 

I, Period TT. TH. 

^ . ^ Period Pu-kKl 

n h c d 

DryBub«tanco . . . 'MV'l'd 2204 21o3 2152 44 13 43-23 
Water 69 71 77-96 7b 47 78 46 6o b7 6677 

One thousand fxesh leaves contained, in grammes: — 

D17 tubetaaee . . 10^1 82-68 60-00 116-16 117-53 

Water 2S-61 57*26 118*91 218*81 147*04 164-8S 

Total weight of 1000 loaves . 32 62 73 16 151-54 278 31 263 20 271^6 
Aah of dry leaves per cent. , 4 65 6-40 6-82 6 76 7-67 1015 

The amount of water in the air-driod leaves of the IV. 
period w;us 11*89 per cent. The quantity of ash left by the 
dried leaves wa.s 8-70 per cent. 

For the ash analysis of the leaves of the period L, an equal 
number of leaves />, c, were iiK inerated. 

One hundred parts of the ash of the leaves contained : — 







n. Period 


in.I>)erlod 


rV. Period 




I«tti iba 


IMh Jmy 


Uth October 


End u( Nov. 




IBBl 


IMI 


1801 


law 




2*30 


2-34 


101 


<* 


Potash . • . . 


29*96 


10-72 


4*85 


0-99 


Miignesia .... 


3-10 


3-62 


2-79 


7-13 


Lime .... 


9-83 


26 46 


34 05 


3413 


Sc'oquioxide of iron . . 


0*69 


0-91 


0-94 


1-10 


Phosphoric acid , . 


24 21 


5*18 


3-48 


1-95 


Sulphuric acid . 


» 


» 


_ _ _ ♦ 


4-98 


Silicic acid 


119 


13 37 


20-68 


24-37 


Ctirbonio acid and consti- 










tiiieiits not detennined . 

• 


2883 


37-50 


32-20 


25 35 


Total 


100-00 


100-00 


100 00 


100-00 



* Not determined. 
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JbuHysis of QiM of the leave* of the horse-chestnut and the wahwt trtdf ly 
£. iSTAFFBI. {^A», der Vhem. wd J^harm,; toL IzxtL p. 372.) 







WaliinMns 






Antmnii 






Moisture in 100 parts of fr< sli 
fcubstancc, drit'U at 212** Fabr. 

Per tientH of ash in the fresh sab- 
stance ..... 

Per cents of ash m the dried 
tuhstaaoe .... 


82 09 
1*S76 
7-69 


an '27 

3-288 
7-62 


8215 
1-092 
7-719 


G3 ;ii 
2-670 
7*005 


JL WwU « « • • • 

Lime 

MagBMia 

Alumina'. .... 
.Si»!*quio3dde of iron . 
iSulphuric add .... 
Hilicic acid . , , . 
I'hosphoric acid 
ecocide of potaarima . . 


46-3S 
13-17 
616 

0- 41 

1- 63 
•2 45 
1-76 

24-40 
4*65 


1417 
40-48 

7- 78 
051 
4 69 
1-69 

1391 

8- 22 
8*66 


42 04 
26-86 
4*55 
018 
042 
2-68 
1-21 
21-12 
1-04 


2548 
63-66 
9-83 

ooc 

0 52 
2-66 
2 02 
404 
1*78 


Total 


10000 


10000 


100-00 


99-98 



Afuifyfis of the oA ofjlowerhif/ mparagus shoots, and of withered shoots tcith 

nyM yhwt.— Db. Zobzxxb. 





I. 


11, 




Flowering 


Anttuim itaoots 






with ripefroJt 


Moisture in 100 ports of the fresh sub«(tauce, dried 






at 212* Fahr 


84-84 


69-23 


Per cents of ash of the fresh substance 


0-946 


413 


„ „ dried H • • • 


6060 


10-13 


100 parte ef aeh eentain : 








6-11 


625 




84*40 


11-77 




4fi9 


361 




9-07 


24-06 




0-62 


0-94 




12-64 


7-83 




1-86 


9*68 


Cknutitnenta not determined, &e. . • . 


81-82 


87-87 


Total .... 


100-00 





The aepamgus shoots analysed came from the Botanical 

Cfiirdeu at Munich. The flowerincr shoots were cut close to the 



grouud, on June 20, 1861 ; the autumn shoots were cut iu the 
same way, from the same plant, on October 28, 1861. 

A A S 
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AITENDIX B (page 26). 

ON THE J8TA1iC9 IN THB 8IB1IB OF PALMS. 

The quantity of fitarch in one and the same Bteio ditfers toaii 
extraordinary de^ii^rcc with the age of the plants aad the periods 
of flowering and fructification. 

The generation of starch will in some instances rapidly 
increase not only within the cells, but occasionally even at the 
expense of the cellular tissue. Thus, in the root-stock of Sabal 
Mexicana, an abundance of starch is sometimes founds not only 
in the interior of the cells, but also outside the latter. But 
this phenomena is most striking in the East India Sago Palms 
(Metraryloii), in which it can be clearly observed that the 
generation of starch proceeds in distinct periods, and is in inti<- 
mate organic connection with the developement of the flowers 
and fruit» The Mala3r8 are in the habit of speaking of the tree 
as if it were with young at this period, during which it generates 
in its interior a large ipiaiitity of starch, forming tlio store of 
organic matter, out of wiiich are to be producLii, after litjuefac- 
tion, new ligneous particles, and flowers, and fruit. This f^tite- 
ment is peculiarly applicable to the M( f rn.r>flua Ruinph'ti Mci'f. 
(Swf us ;/f n 'I liaiiipk.) This tree, which is a perfect < Im - 
mical laboratory for the preparation of starch, is inonocarp«tuij, 
that is tu say, it flowers and bears fruit only ouce, and then dies. 
It has by that time attained a heii^dit of from 28 to 30 feet. 
Tiie stem, wbieb is cylindrical, and more than a foot in diameter, 
consists of a mere shell, about one and a half to two inches 
thick, of a whitish wo d of no great degree of hardness. 
Within the shell is enclosed a mass of spongy tissue formed of 
interlaced fibres, the cells of which are filled with starch 
granules. In the first stage of growth, whilst the stem still 
remains unr^pa, if the expression may be allowed, it contains 
only an inconsiderable quantity of starch. As growth progresses, 
and the base of the leaf stalks, and the upper part of the stem 
begins to be covered with long fibrous filaments or prickles, the 
quantity of starch increases. 

The period of ihe greatest increase is indicated by the shed- 
ding of these prickles, and by the leaves being covered with a 
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Bort of white rime, as if powdered lime had been dusted over 
them. The Malays call this stage the Maajputihf i.e. the tree 
grows white* From the apex of the stem shoots forth at this stage 
the flower-stalks which at a later period crowns the tree like an 
immense aatler, bearing thousaods of flowers, which are replaoed 
afterwards by spherical fhiit covered with scales. When the 
flower-stalk attains a length of one foot, the tree has entered 
that stage which the Malays term Saga Itonttncf^ that is with 
youni;. A small quantity of the starch is Tmw taken up for the 
furniatiou of tlie wooiiy fibre of the tlower-stalks. Finally 
arriveii the peiiuil which th(» Malays term Mnjanf/ bdra, i.e. the 
younfv' comes forth. The Hower-stalk at tlio apex of the stem 
iiosv attains a length of four feet, but the spathes out of wliieh 
the tioral branches are to project, are not yet ojtened. The tree 
may pass through these three stages without any great reduction 
of the store of starch ; but at the next stage, termed Bat»ja 
Bang, i.e. the shoot branches out, when the flower-stalk 
measures from six to ten feet in height, and ten feet in circum- 
ference, the greater portion of the starch is formed into thick 
woody fibre, and still more is this the case in the two last stages 
of the flower {Siriboa) and fruit (BoAoa), when there remains 
lio longer any starch. A healthy tree produces between 400 
and 800 lbs. of starch (the sago prepared from this is not sent 
to the European markets, but is oonsnmed in the country). 
The palm, which produces the chief portion of the sago con- 
sumed in Europe, is the MetroieyUm laeve Mart of Malacca, the 
wild stems of which give four to five and a half picols of sago, 
whilst two to three picols only are obtained flrom those cultivated 
in gardens. 



APPENDIX C (page 54)* 

TBOSTABLs STATICS, jmmv^ 1727. 

The experiments made by Hales on the motion of the sap in 
vegetables, may be looked upon as the best model for all times 
of the most perfect method of investigation. That they are 
still at the present day unsurpassed in vegetable physiology may, 
perhaps, be attributed to the circumstance of their dating from 
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the apje of Newton. They desenre a place in every work treat- 
ing of the physiology of plants. 

In the beginning of his work Ilalea describes the ex|>eriments 
made by him on the motion of the sap in vegetables arising 
from the exhalation from their surface* TIi< ?e experiments 
were made with leafy branches, plants cut off from the roots* 
and others still retaining their roots; 

The force of the pressure of a column of water, both with 
and without the oooperation of ezhalation, was shown by the 
following experiment. 

He fixed an apple-branch, three feet long, half-inch in diameter, 
ittll of leaves and lateral shoots, to a tube, seven feet long, and 
five-eighths of an inch in diameter. He filled the tube with 
water, and then immersed the whole branch up to the lower end 
of the tube, in a vessel full of water. The water was driven 
into the branch by the pressure of the cuhimn of water in the 
tube, which subtiiijed fourteen and a quarter inches iu two 
days. 

On the third duy lie rcnKived tin- branch and tube uut of the 
water, and hung it up in the open air; the water iu the tube fell 
now twenty-seven inelies in twelve hours, 

Tu determine the comparative force with which the vf&tcT is 
driven througli the vessels of the ligneous body by pressure alone, 
and by pressiu-c and exhalation combined, Hales joined a leafy 
apple branch to a tube nine feet long filled with water. In 
consequence of the pressure of the column of water and of the 
exhalation taking place from the surface of the leaves and 
twigs, the water iu the tube (fortieth experiment) sank 36 inches 
in an hour. He then cut off the branch 13 inches below the 
glass tube, and plsoed the cut portion (with leaves and twigs) 
upright in a vessel with water. It was found to imbibe 18 osss. 
of water in 30 hours ; in which time only 6 ozs. of water had 
passed through the 13 inches of the stem connected with the 
tube, and that too under the pressure of a column of water 
7 feet high. 

In three other experiments, Hales shows that though the 
sap-vessels of plants will imbibe water plentifully by capillary 
attraction in branches severed from the trunk, as well as in 
those left in connection with the uninjured roots, they have 
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rery Httle power to protrude sap out at HhieSx eztremttiesy and 
make it rise in a tul>e fixed to them. 

The motion of the sa]), Hales concludes, is to be attributed 
to the exhalation from the surface alone, ai)d he proves that it 
proceeds in an equal degree from the trunk, branches, leaves, 
flower and fruit, and that the effect of the exhalation bears 
a certain detiuitt^ ratio to the temperature and moisture of tlie 
air. When the atrm -|ihere was ehar^cd with humidity little 
water was iuibilied, and on rainy dayn tlio nlisoi ption was barely 
perceptible. Hales opens this second ebapter of his statics 
with t\w. following' introdiictory remarks : — 

' Having in the first chapter seen many proofs of the great 
quantity of liquid imbibed and perspired by vegetables, I pro* 
pose in this to inquire with what force they do imbibe moisture. 

* Though veg^etables (which are inanimate) have not an 
engine which by its alternate dilatations and contractions does in 
animals forcibly drive the blood through the arteries and veinSy 
yet has nature wonderfully contrived other means, most power- 
fully to raise and keep in motion the sap^' 

In his twenty-first experimtot he laid hare one of the chief 
roots of a thriving pear-tree at a depth of 2^ feet, cut off the 
end of the root, and connected the remaining stump with a 
glass tube filled with water and confined by mercuiy. This 
gliiss tube represents the root lengthened. 

By the perspiration ftom the sujrfaoe of the tree^ the root 
imbibed the water in the tube with such vigour that in six 
minutes the mercury had risen in the tube as hig^ as 8 inehe^ 
whicli corresponds to a column of water 9 feet in height. 

rhis force is V( ry nearly equal to that with which the blood 
moviis in the great crural iu tery of a horse. * I found,' says 
Hales, in his thirty-sixth experiuicnt, * the force of tiie blood 
of several animals, by tying them down alive upon their backs, 
then laying open the great crural artery where it first enters 
the thigh, and fixing to it, by meaiiii of two brass pipes running 
one into the other, a glass tube above ten feet long and om^- 
eighth of an inch in diameter. In this tube the bUxxl ot one 
horse rose eight feet three inches, and the Ijlood of another 
horse eight teet nine inches ; the blood of a litUe dog, six 
feet and a half*' 
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Kales proved, by special experiments, that the force of 
suction shown by him to be possessed by the roots of plants, is 
exercised equally by evety individual branch, shooty leaf^ and 
fruit, in short, by eveiy portion of the sur&oe; that the 
motion of tiie sap from the root to the branches and leaves 
continues even when the trunk is, in any part» comi^etely 
stripped of the outer and inner bark, and that this force of 
suction acts not only from the roots towards the top, but also 
from the latter towards the roots* 

He concludes, from the results of his experiments, that every 
part of the plant is endowed with a powerfol force of attraction* 

We know now that it was not this force of attraction in itself 
that made the mercury and the water rise in J I ales' tuhes ; 
and his experiments clearly show that the imhibing force of 
plants, and of every leaf and rrM)t-fii)re, arisinpf from sui'face 
exhalation, is aided by a poweri'ul force from without, which is 
simply atmospheric pressure. 

By the evaporation of the water from the snrfaco of plants 
a vacuum is created therein, and in consequence thereof water 
and gases soluble in that tiuid are readily forced in from without 
and raised by the pressure nf the atmosphere, and it is this pres- 
sure from without which, together with capillary attraction, con- 
stitutes the principal cause of the motion and diffusion of the sap. 

That the surface of j)lants possesses the f ir ulty of imbibing 
gases, is most conclusively demonstrated by Hales. In his twenty- 
second experiment he says: — *The height to which the mercury 
rose in the tube did in some measure show the force with which the 
sap was imbibed, though not nearly the whole force ; for while 
the water was imbibing, the transverBe cut of the branch was 
covered with innumerable little hemispheres of air, and many 
air-bubbles issued out of the sap-vessels, which air did in part 
fill the tube as the water was drawn out of it ; so that the 
height of &e mercury could only be proportionable to the 
excess of the quantity of water drawn off, above tha quantity 
of air which issued out of the wood. 

' And if the quantity of air, which issued from the wood 
into the tube, had been equal to the quantity of water imbibed, 
then tlie mercury would not have risen at all, because there 
would have been no room for it m the tube. 
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* But if nine parts in twelve of the water be imbibed by the 
branch^ and in the meantime bat three Buch parts of air issue 
into the tube, then the mercury must needs rise near six inches, 
and so proportionately in different cases.* 

When, in Hales' experiments, the root» the stem, or a branch 
had been wounded in any part by cutting off rootrfibres, or 
buds, or smaller twigs, the imbibing power was found to be 
diminished in the otlier parts (because at those wounded spots 
the difference in tlie pressure was more readily equalised by 
air finding its way in). Tlie iinhibiiig power was greatest about 
fresh cuts, but it gradually diminished until, after a few days, 
it remained no stronger about the cut than about the uninjured 
parts. Hales further concludes the exhalation from tin' surface 
to be tlie powerful cause that conveys nutriment to the ])lant 
from the parts surroundin*; it. If the proper proportion 
between the exhalation and the supply of food is in any way 
disturbed, the plant sickens and dies. If, in hot summers, the 
soil is unable to supply to the roots the moisture carried off in 
the course of the day by exluilation from the leaves, «&c.« and 
the tjree or a branch of it is dried up, the motion of the sap 
ceases in such parts. Once dried up, the original action cannot 
be restored by capillary attraction alone. Exhalation is the 
chief condition of the life of the plant^ serving, as it does, to 
effect and maintain a continual motion of tiie sap, and a con- 
stantly recurring change in its condition. 

* By comparing/ says Hales, * the sur&ce of the roots of a 
plant with the surface of the same plant above ground, ^re see 
the necessity of cutting off many branches from a transplanted 
tree. Suppose upon digging the plant up, in order to trans- 
plant it, half the roots be cut off (which is the case of most 
young transplanted trees), then it is plain that but half the 
usual nourishment can be carried up through the roots, and 
that accordingly the perspiring surface above ground must be 
correspondingly reduced in order to restore the proper pro])or- 
tion between it and the imbibing surface under ground.' In 
the following oliservatious on hop-vines. Hales shows the effect 
of .suppressed pt-rspiration : — 

* The soil of an acre of ^j^rouud on which 9000 hop-vines 
are giowing, must supply to the plants, through the roote, in 
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July, 36,000 ozs. of water in twelve hours. This is the quantity 
of water which during this time is exhaled by them^ and which 
they must have to be in a thriving condition. 

* In a kindly state of tiie air, this moisture is daily carried 
off in sufficient quantity to keep the bops in a healthy state; 
but in a rainy moist state of air, without a due mixture of dry 
weather, too much moisture hoTera about the hops, so as to 
hinder, in a great measure, the kindly perspiration of the leaves, 
whereby the stagnating sap corrupts, and breeds mould. 

* This was the case in Uie year 1723, when ten or fourteen 
days almost continual rains fell, about the latter half of July, 
after four months' dry weather ; upon which the most flouzishiug 
and promising hops were all infested with mould In their leaves 
and fruit, while the then poor and unpromising li(^ps escaped, 
and produced plenty ; because they being small, did not perspire 
so great a quantity as the otliers ; nor did tlu y cunfiiie the per- 
spired vapour so much as the large thriving vines did in their 
shady thickets. 

* This rain uri the then warm earth made the grass shoot out 
as fast as if it wt rc in a hot-bed; and the apples <rre\v so pre- 
cipitately, that tht'V were of a very fleshy constitution, so as to 
rot more remarkably tliaii liad ever been remembered. 

* The planters observe that when mould has once seized any 
part of the in-ound, it soon runs over the whole, and that the 
gratis nnd other herbs under the hops are infected with it; pro- 
bably because the small seeds of this quick growing mould, 
which soon come to maturity, are blown over the whole ground; 
which spreading of the seed may be the reason why some 
grounds are infected with fen for several years succesBiveiy. 

* I have,' says Hales, ^in July (the season for fire-blasts^ as the 
planters call them), seen the vines in the middle of a hop 
ground all scorched up, almost from one end of a large ground 
to the other, when a hot gleam of sunshine has come immedi- 
ately after a shower of rain ; at which time the viq^oursare often 
seen with the naked eye, but especially with reflecting telescopes, 
to ascend so plentifully as to make a clear and distinct object 
become immediately very dim and tremulous. Nor was there 
Miy dry gravelly bed in the ground, along the course of this 
scorch. It was, therefore, probably owing to the much greal^jr 
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quantity of aoorcbing vapours in the middle than outHide of the 
grotmdf and that heing a denser medium, it was much hotter 
than a more rare medium. 

*The gardenm about London have, to their ooat» too often 
had ocoaaion to observe a similar effect^ when they have incau- 
tiously put bell-glasses over their cauliflowers early on a froety 
morning, before the dew was evaporated off them ; which dew 
being raised by the sun's warmth, and confined within the gi.uss, 
did then form a dense transparent scaldiog vapour, which burnt 
and killed the plants.^ 

These observations translated into the language of the present 
day clearly show how acutely and exactly Hales comprehended 
the intluenc'c of perspiration upon the life of plants. 

According to him, the proper thriviiii^ of plants depends 
upon the suppl}'' of food and moisture from the soil, wliich 
again is governed in a measure hy a certain temperature and 
dryness of tlie atrno.splK^re. The imbibing power of plants,— 
the motion of the sap in them, — is dependent upon exhalation; 
the quantity of food imbibed and needed for the functions of the 
plant, is proportionate to the quantity of moisture exhaled in a 
given time. If the plant ha.s imbibed a maximum of fluid, and 
the ejiialation is hindered by a low temperature, or by long* 
continued wet weather, the supply of food, or the nutrition of 
the plant stops, the sap stagnates, and an alteration ensues 
tending to the generation of parasitical microscopic growths. 
If rain fedis after hot weather, followed by a strong heat without 
wind, and eveiy part of the plant is surrounded with* an atmo- 
sphere saturated with moisture, cooling by further exhalation 
ceases, and the plants succumb to the sun-blasts. 



APPENDIX D (page 91). 

AKALY^l^ OF DRAIKAOE, LY£;lM£I£]t, BIY£fi, AMD MAUSU WATEB. 

I. — Dramage Water. 

Thomas Way f iuiid in drainage water taken from seven dif- 
ferent fields, the following constituents Journal of the Koy. 
Agric Soc.,* vol. xvii. 133) : — 
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Grnliuin 1 Gollon =10,000 grains of w«tar 





1 


t 




4 


5 


6 


7 


PutHflh .... 


trac<< 


tnice 


002 


005 


trace 


0 22 


trace 




100 


217 


2-26 


087 


1-42 


1-40 


3-2(> 




4'8< 


7-19 


6*05 


2*26 


2-62 


6-82 


1300 


Magnesia .... 


0-G8 


2-32 


2-48 


0-41 


0-21 


093 


2-50 


SeHQiuoixide of iron and 
•nuttiiift .... 
















0*40 


0-05 


0-10 




1-30 


0-86 


0-60 


Silicic add. . . 


0-95 


0 i') 


0-55 


1-20 


isn 


0-65 


086 


Chlorine .... 


0 70 


llu 


1-27 


0-81 


1-20 


1-21 


2-62 


Sulphuric acid . 


I -Co 


616 


4-40 


1-71 


1-29 


312 


9-51 


Phoqihoiic aeid . 
Ammonia .... 


trace 


012 


Tr.lr.- 




008 


006 


012 


o-oit$ 


0-018 


0 018 1 


0012 


0-018 


0018 


0006 



Very similar results were obtained by Dr. Krocker in his 
analyses of drainage water from Proskau. (See Liebig and 
Kopp's ' Jabresbericht' for 1853, page 742.) 



DnOnitfe Wiitw (in lO.OOO p«rt«} 





a 


» 


e 


d 


« 


/• 


« 

Oiiganie matter .... 


0-25 


0-24 


016 


006 


063 


056 


Curbonntr' itf lime .... 


0-84 


0-84 


1 27 


0-79 


0-71 


0 84 


Sulphate ot" iime .... 


2-08 


2 10 


114 


017 


0-77 


0-72 


Nitrate of lime ..... 


002 


002 


001 


002 


0-02 


002 


('urbonate of nuicnf «in 


0-70 


0-69 


0-47 


0-27 


0-27 


0 16 


Carbuoaie of protoxide of iron . 


004 


0-04 


0-04 


002 


0-02 


001 


Potash 


0-02 


0-02 


0-02 


0^02 


0-04 


006 


S<>«l:i ..... 


Oil 


015 


0 13 


0-10 


0-05 


0 04 


Chloride of sodium. .... 


0-08 


0-08 


007 


003 


001 


0 01 


Silioa 


0-07 


007 


0-06 


0-06 


006 


0-06 


Total solid matter 


4-21 


4-25 


3-37 


1-63 


2-58 


2-47 



* a. Drainage w;it« r from land A (a clay soil resting on a subsoil of cnlcaroous 
loam or clay t, collected 1st April, 1853.— At The same, collected 1st May, 1863, 
after s heavy fidl of lain (218 eabic tiushes on the sqnaie Ibot). — e. Drainage traler 
from the Humv soil, nilxed with drainage water from a humous daj soU, irith 

CJil^nreons chiv or lonm ns siibfsoil, crillceti'd in O.-tolif-r 1S.;3. — (/. Dm inajn- water 
from land li (tile-draiued ; subisoil of o,ili'an r>us clay or loam), C(>lli'> f< il in October 
1863, — e. Water pasaiug through the waler-forrows from a heavy clay soil, collected 
in the beginning of Jnae.-^ The same, ooUected in the middle of August, after 
heaigr raiM. 
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II. — Lyavmeter Water* 

Lysimefcer ^ter 10 atmospheric water passed by meaiui of 
suitable apparatus (Lysimeter) through different soilsy and col- 
lected after passing through. (See page 92.) 

The chemical analyses embraced four series, and were made 
by Dr. Zoeller. 

1. — Series of analyses made in lbo7. 

The experiments wore made with five different soils, 1 square 
foot of each oarth, 6 inches deep, being placed in the several 
lysimdwrs. The quantities given represent the amount of 
atmospheric water that passed through the several lysimetm 
from April 7 to October 7, 1857* I. Manured calcareous soil, 
with vegetation (barley). XL Unmanured clay soil, with vege- 
tation. III. Unmanured clay soil, without v^etation. IV» 
Manured clay soil, wiUiout v^tation. V. Manured day soil, 
with v^tation. (2 lbs. cattle-dung, without straw, were seve- 
rally used to manure the earth in lysimeters I., IV., and V.) 





I. 


n. 


m. 


IV. 


V, 


Quantity of wut«r passed 
tbxonipi mQ in lywnflter 


cub. cent. 
984tf 


aab. cent. 
18675 


odbt oont. 
18148 


19790 


cttbw ont. 
12302 


Solid n?sidti.- 1. ft at 212® F, 
Ash of solid residue . • 


4-651 
3-127 


3-283 


6 291 
3-545 


"6~04 

•I 215 


Hiaiiuiua 

3-6 Sfi 
2-610 


Potash .... 
Sods. .... 

hnnc ..... 
Magnciiia .... 
8t«<[mozide of ifon . 
Clili)riiio .... 
Pho«t/Uui'ic acid . . 
Btilpbnnlc Mnd ... 
Sil- • -A ... 
Claj and sand . • 


0-064 

0- 070 

1- 436 
0-203 
O'OIS 
0-566 
0 022 
0-172 
0103 
0-089 


0 044 

0104 

1070 

0165 

0119 

0-177 

trace 

0-504 

0-210 

0074 


0037 

0- 135 

1- 285 
0-024 
0-150 
0-379 
truce 
0*515 
0-317 
0112 


0-108 

0- 470 

1- 364 
0-058 
0114 
0-781 
trace 
0*580 
0188 
0-045 


0-047 

0- 074 

1- 136 
0-063 
0-063 
0-434 
trace 
0*412 
0115 
0047 


Deduct equivalent ot(ay^s^t 
eomeqpoodiag todilM^ 


2-738 

0 127 


2^67 
0H>40 


2-964 
0-085 


S-698 
0-176 


2*881 
0-095 


Carbonic acid and loss 


2-611 
2-040 


2-127 
2-303 


2-869 
2-422 


3522 
2-518 


2 2S6 
1-400 


Totd 


4-651 


4*780 


5-291 


6-040 


8-686 
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l,(HM),ou(J litres of water, passed through 6 inches of the soils 
already described, contain — 





I. 


mm 

n. 


m. 


TIF 

It. 


T. 


■ 

Solid rattdneldt at 212<>F. 


472-38 


2«4*64 


gnmmm 
292 64 


306-20 


gniDiimi 
291-60 ' 


Ash (^ntftined in it . 


31702 


176 74 


191 7S 




•>r2ir. 


Potash . • . ■ 




2-37 


2-03 


6-46 


3-82 


Sodft 


Ml 


6-60 


7-48 


28-74 


6-02 


Limo .... 


146-86 


67-60 


70*80 


68-41 


92-84 


MitgaeHia .... 


20-62 


8-38 


1-32 


2-93 


612 


Oxide of ifoa . 


1-82 


6*89 


8-26 


6-76 


4-80 


Chlorine .... 


57-49 


9*52 


20-87 


39-46 


86-27 


Fboephorie acid. 


2-23 










Snlphnrie add . 


17-47 


2743 


27-82 


29-80 


88-49 


Silicic acid (solul*!*') . 


10-46 


11-3,5 


17-46 


9-o0 

1 


9-31 



2. — Series of analysea made in 1858. 

The waters analysed were obtained from six soils, and repre- 
sent the quant ity of atmospheric water t-hat passed, from May 10 
to Nov. 1, 1858, through a layer of ekrth of a square foot of 
surface and 12 incht s deep. The earth was ordinary umna- 
nured alluvial lime soil from the Isar. The plant selected for 
cultivation was the potata I. Unmanured, and without vege* 
tataon. IL Unmanured, with vegetation. III. Manured, 
10 grammes common salt, with vegetation. IV. Manured, 
10 grammes nitrate of soda, with vegetation. Y. 10 grammes 
guano, with vegetation. VI. Manured, 20 grammes phos- 
phorite made soluble with hydrochloric (?) acid, with vegeta^ 
tion. 
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Quantity of water passed 
through the Mil * 

Solid rosidue loft at 212° F, 
Aek of the aolid nsidiie 



Soda. 
FMMh 

Lime • 
Chdda of iron 

Chlorine . 
PhoBphoric acid 
Nitric acid 
Sulphuric acid 
Silicic acid 
Sand 



Sum . • 
Less the amount of oxygen 
eqmTaliiit tottho eUonne 

Sum 

Loos aad earimnie acid 

Sum 



cub. cent.'oab, 081lt» 



I. 



U. 



39186 

gratiuncs 
8-985 
6-691 



0-260 
0-075 
0-432 
2-416 
0-115 
0-227 
traco 

0132 
0 266 
0-155 



4 068 
0-051 



4-017 
4-968 



8-985 



25007 

gTMnmce 
8-214 
6-094 



0-245 
0-066 

0-443 

2-467 
0-088 

0237 
trace 

0-117 
0301 
0-237 



4-226 
0-053 



4-163 
4-051 



8-214 



28188 



IV. 



17466 



Krammcs fn"ainmc* 
7 681 



14198 
12-292 

3-290 
0*084 

0-454 

2- 356 
0-104 

3- 926 
0-009 

0118 
0-384 
0-155 



10-629 
0-884 



9946 
4-258 



14-198 



5-663 



1-256 
0-085 

0264 
1 792 
0-088 

0177 
trace 
8-267 

0-182 
0-303 
0-106 

7*463 

0-089 

7-424 
0*257 



7-671 



V. 



16520 

gnunmee 
4-864 
3-704 



U-301 
0*082 
0 382 

1- 376 
0096 
0-317 
0007 

0197 
0-226 
0 062 

2- 996 

0-071 

2927 
1*987 

4-864 



80850 

gnunmos 
8-001 
6- 192 



0-233 
0-029 
0-374 
2 646 
0-117 
0-238 
0016 

0G66 
0-224 

0083 



4-644 
0-058 



4-591 
8-410 

8 001 



1,000,000 litres of water, passed through 10 inches of the 
soils already described, contaki — 





I. 


U. 


lU. 


IV. 


V. 


TL 














RTins. 


Solid rrsidue left at 212° F. 




328-4n 




439-76 


294-42 


259-35 


Mh contained in it 


225-83 


243-69 


ta(j-8i 


:i74 04 


2*24-21 


200-71 


Sovla .... 


8 66 


9-70 


116-92 


71-85 


18-22 


7'*)5 


Potash .... 


2-56 


2-63 


1-20 


200 


1-93 


0-94 


Magneeift . • 


14-80 


17-71 


16-13 


16-11 


'2318 


1212 


LlIlH' .... 


82-78 


98-65 


83-73 


102 oO 


83-41 


85-73 


Oxide of iron 


3-94 


331 


3-69 


4-76 


6-81 


3-79 


GMorine . . 


7-77 


9-47 


189-40 


10-18 


1918 


7-71 


Ph"sj»li'<ric acid • 






0-31 




0-42 


0-48 


Nitric acid • • 








167 04 






Sulphuric add • 


4-62 


6-87 


4-19 


10*43 


11*09 


21-59 


Silideicid • 


9-11 


. 12-03 


18-64 


17*84 


18-68 


7-26 
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3.- -Series of analysea made in 1859. 

The waters ainlysod were obtaioed from six soils, aiid repre- 
sent the quantity of atiii« >splieric water that passed from March 20 
to Nov. 16, 18i>9, through a layer of eiuth of a square foot of 
surface and 12 inches deep. Tlie earth was ordinary unmaiiun d 
alluvial lime soil from the Isar (gardt u soil). All tlie soils 
were in grass. I. Unmanured. II. Manured, 17*8 grammes 
nitrate of potiish. III. Manured, 15*4 grammes sulphate of 
potash. IV. Manured, 17*8 grammes nitrate of potash, and 
3*66 grammes phosplioride made soluble witli 2 «;rammes sul- 
phuric add. VI Manured, 15*4 grammes sulphate of pota»h» 
and 3*()n grnmmeB of phosphorite made soluble as above. VI. 
Manured, 12*3 graiDmes carbonate of potash. 





1. 


n. 


m. 


IV. 


V. 




Qmintity of water paaiicd 
thioiic^ the soil • 


cubic 
cent. 
20201 


cubic 
cent. 
14487 


cubic 
cent. 
20848 


cubic 
cent. 
17491 


cubic 
cent. 
23205 


cubic 
oenu 
22488 


F^mIuI rt Hiaue k-ft at 212«r. 
A^.of the solid residae . 


3- 192 


srrnmmcs 
11-4272 
H-8fil 


liV1967 
13-644 


(n-antni^' 

13-68U5 
10-681 


20-784 
17-668 


5-5878 
4014 


Sodii .... 

Potaah .... 

Hngneoa • 

JLiino • • • . 

Oxide of iron . 

Chlorinf? . • 

PboMpIioric acid 

Snlpnniie add 

Nitric aoid ... 

Silicic acid . . 

Sund .... 


0- 044 
0024 

0253 

1- 530 
0-072 

n-on.7 

trace 
0*289 

11 25 
0-178 
0044 


0069 
0166 

3-483 
0-057 

0 080 
trace 
0-205 
5-913 
0 271 
0021 


0083 
0-206 

<)-'2'.)r, 
6-360 
0-072 

0- 202 
truce 
6-527 

1- 301 

0-208 
0036 


U030 
0-281 

4- 838 
0*064 

0132 
trace 
2104 

5- 248 
0-230 
0-026 


0086 
0-244 

o;;-_'n 

7-112 
0-088 

0- 283 
trace 
9-124 

1- 401 

0-280 
0*066 


0038 
0112 

0- 117 

1- 963 
0^58 

0- 127 
trace 

1- 624 
1-390 
0-269 
0-097 


Sura 

Loss the amount of oxygen 
eqniviletttto the chlorine 


3-694 
0-007 


10-667 
0018 


U-290 
0045 


13-207 
0029 


18-893 
0-063 


4-690 
0-028 


Sum ... 
Loss ftad cttbonio idd . 


3687 
0-9761 


10-549 
0-8782 


14-245 
0-9617 


13.178 
0-6026 


18 930 
1-864 


4-662 
0-9268 


Sum . . 


4-6631 


11-4372 j 


16-1967 


13-6805 j 


20-784 


6-6878 



1,000,000 litres of water, passed through 1 foot of the soils 
already described, contain — 
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1 n. 

1 


m. 


1 - 




VI 










1 


pram meg 


grammefi 


•Solid nuiauc left at 212^ F. 


225 38 


788-78 


746-84 


782 14 


896 66 


248 48 


Ash eontaiood in it 


158*0 


611*64 


670*52 j 610*65 


761*36 


205-17 


Soda .... 


21 7 


■i 7G 


4-07 


^ 1-71 


3 66 


1 68 




1 -1 ft 




1007 


13-20 


1 1/ ffi i 


^ irO 


^lagnesia 




20-81 






n-70 


0 20 


Lime .... 


75 7^ 


2iU-42 


26^-41 


27i>-5y 


30G 48 


87-2U 


Oxide of iion . • « 


3-56 


3 93 


3-53 


4-80 


3-79 


2-35 


Chlorino . , , 


1-73 


652 


9-92 


7-64 


1219 


664 


Sulphuric acid , . 


1430 


14 15 


320 76 


120-29 


393-19 


23-30 


Nitric acid . , 


55-69 


408*15 


63-93 


300*04 


60-37 


61-76 


Silicic add . • 


8*81 


18*70 


10*32 


13*14 


12-06 


11-96 



4. — 1^09*169 of analyses made in 1859» I860. 
This series is a direct oontinuation of the third. The waters 
analysed passed through the same soils through which the 
waters of the third series had already passed. The fourth series of 
erperiments continued from Nov. 16, 1859, to April 12, 1860. 







I. 


II. 


III. 


IV. 


V. 


VI. 


QitAntity of water passed 
through the soil 


centiiiiti-. 

13500 


cciitiiiitn*. 
12332 


ocntinilri. 
13760 


rtiMr 
centimti>«. 
13150 


cul'ie 
opiitinitr!». 
15232 


cubic 
ccntitntr?: 
1485U 


Solid residue left at 

2120 Fahr. . 
Ash of Uw floUd reaidne 


2-424 
2-071 


grainiaes 

2 205 
1-682 


2-860 
2-395 


granuaeB 

2G40 
2-086 


3-172 
2-599 


gnauDer 

2001 
2-220 


Soda • . 
Potaali 
Myai> . 

Oxide of tnm 

Chlorino' 
Phoaphoric acid 
Nitric acid 
Sulplmrio jund . 
Silica and sand * 


• 
« 

a 
a 
• 

• 
• 

* 


0-021 
trace 

0066 

0770 

0-061 

0140 

trace 

0-025 

0 119 

0170 


0024 

0 008 

0058 

0-869 

0*066 

0042 

trace 

0101 

0099 

0144 


0-0-28 

0-012 

0-069 

1016 

0-097 

0093 

trace 

0 043 

0 187 

0-118 


0022 
0-009 

0 071 
0-938 
0 075 
0-068 
trHce 
0*077 
0 474 
0-153 


0-028 
0015 

0-070 
0952 
0*136 

0 001 

tnicc 

0029 

n-527 

0123 


0-01!> 
0*015 

0 06.; 

1057 
0*040 

0 084 
trace 
0*046 
0-1 8.0 
0-136 


Sum 

Deduct the amount 
oxygen e^ulTalent 
the chlonne . 


of 
to 

9 


1-371 
0024 


1-401 
0009 


1-063 
0-020 


1*890 
0*015 


WO 

0*030 


1«654 
0*018 


Sum 

LoM and carbonio so 




1-347 
1-077 


1-392 
0*813 


1-943 
0-917 


1-875 
0765 


1*950 
1*222 


1 636 
0*956 


Sum 


• 1 


2-424 


2-205 


2-860 


2-640 


3-172 


2-691 



« Thb quantity of sand twj omalL 



B fi 
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I»000y000 litres of water, passed through 10 inches of the 
soils already described. 





I. 


n. 


Ui. 


iV. 

1 Baa a 






nmMitA At 






gTaiTimw 








212- l-ahr. . 




ITS -80 


207-71 


•200-81 


208 24 


181-21 


Ash contaiiied. in it 


153-47 


136 '39 


174 07 


168*69 


17062 


149-49 


Soda 


166 


1-94 


2-04 


1 73 


1-83 


1-27 


Pbta«li . 




0-64 


0-92 


0-69 


0-98 


101 


Magneua • • . 


4-86 


4-70 


6-02 


6 56 


4-59 


4-24 


Lime • • . 


67-04 


. 69-49 


73-87 


71-39 


62-60 


7117 




4-52 


6-35 


7 06 


5-73 


8-86 


3-29 


riilorin*" . . 


10-43 


3-40 


0-76 


6 21 


5-97 


666 


Is i trie iu:id . 


1-91 


819 


3 17 


691 


1-90 


309 


Sulphuric acid . 


8-86 


8-02 


35-45 


8608 


84*tf9 


12-46 


Silioio iicIJ M'ith a litth» 














saud . . 


12-60 


11 67 


b-60 


1166 


801 


916 



Compare ' Annal der Chem. uad Phar*/ bd. 107, s, 27 ; 
'Eigebmsse landwirthsdu und Yersuche der VersucbstatioQ, 
MuncheD/ IL Heft| a. 65, UDd III. Heft, a 82. 



Analjfm of a«he$ of plants from the rivers Ohe and Iter. — Da. WirisiJaN. 



Chloride of sodium . 

Putaah . . . . 

So<U. . . ; . 

Lime . . . . 

Magnesia . . . . 

AlumiBa . . . • 

Oxi<i>' of injii . , • 

Oxiile of man^nese * . 

Bulphtirie kdd • . . 

Phosphoric acid . . 

Silicic acid . . 

Cttbonioadd . . 

Slim 



FontiuAlU 
from UicObe 



AiitipymicM * 
fromtbelatr 



0-346 


0-884 


0- 460 

1- 746 


1 2-325 


2-766 


18-150 


1133 


6-498 


9-272 


1-616 


l7-o:?9 


9-910 


4-665 


0-860 


1-648 


2-827 


trace 




61 000 


61-494 


99 953 





* The great difference in the eompo$itioD of the ashes of one and the same plant 
sriMt^ Moording to Dr. Nigeli, 1«h perhafw from Uie diffawnt anumnt of these 
matters in the water than from difference of age in the plants and pcobab^ more 
still from other planta which nettle in the moes. 
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IV. — Mosa water from the neUjlibourhood of ScMeie^mnu— 

Db. WmsxBiH. 



The composition of the water was foimd to be aa follows : — • 





lalOOOgnuoaiM 


In 100 parts of 


Chloride of sodium 


0 00280 


1101 


Pottth 




o-oso 


Soda • • . 




2167 


Lime •••.•«<. 


0U5266 


20723 


Magnesia 


<H>0921 


3*627 


Alumina 


0 nnn29 


0114 


Oxide of iron 


. 0 00197 


0-776 


Sulplrane add 


000«7« 


1-466 


Phosphoric actd *..... 


o-ooon2 


0008 


Silicic add 


0-00069 


0-271 


Gkrboiiie add .....*. 




16696 


Orguiie matter . • 


0*13771 


SAW 


Total amount of aolid mattor 


0'26123 


100<K»0 


Total amomit of inoiganic mattar 


0*11663 





APP£NDIX £ (page 108> 

TiaETATION OF LAMD PLANTS IN THE WAXEHY SOLUHONS OF 

IHEIB FOOD. 

In experiments on the vegetation of land plants in the watery 
solutions of their food, great attention must be paid to the ten- 
dency of the fluid to become alkaline by the process of vegeta- 
tion, as land plants always die in alkaline solutions, (jieat care 
must therefore be taken to keep the fluiel neutral (very faintly 
alkaline) or feebly acid. Kuup attained this object by fre- 
quently transferring his plants to fresh solutions ; Stohmann, by 
placing the plants from the comti!. !ic»»ment in feel»!v acid solu- 
tions, and at a later period traiisteri ing them soiuftimes to 
fresh sf)bition8, and at other times removing the alkaline reac- 
tion by frequent addition of a small quantity of acid. 

The tendency of sohitions to become alknliue by means of the 
plants vegetating in them^ and the injurious effect of an alka- 
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line Boltttion on the growth of plants^ were observed by Enop 
and Stobmann. 

In the following are commonicated fhe ezperiments of 

Knop and Stobmann on tbe vegetation of maize, in watery 

solutions. 

L — Sxperiments of Xnop* 

Enop based his experiments with maize on the earlier obser- 
▼ations which he bad made on the vegetation of barley and 
cresses (see <Chem. Central Blatt^* 1861, 8. 564). According to 
these observations the g^amineae require for their growth nothing 
more than a normal solution, which contains sulphate of mag- 
nesia» nitrate of lime, and nitrate of potash, according to the 
proportion MgOSOa+2CaONO,+2KOXO^ in which phosphate 
of iron was suspended, and phosphate of potash as required was 
dissolved* The normal solution A made according to the above 
formula contained in grammes — 



100 cent. <mbb 600 cent. onb. 800 oent. cob. 
KitrioMid . . . 0*2160 1-0800 1-2960 

Snlpburu 

Lime 
Magnesia 



Potash . 



0-04M 0*247^ 0^970 

0*0684 0-3420 0-4104 

00233 Oil Go 01398 



00940 0 4 05G40 



0-4612 2-2660 2-7072 



In consequence of using the solution in a more dilute form 
in the first period, in order to promote a better radication, 600 
cubic centim^es of the above solution were employed at this 
time ; at every other period, 500 cubic centimetres were measured 
off, and to this last quantity tbe phosphate of potash was now 
added in the proportion indicated. The mixture, therefm, had 
the following composition in the five periods. The potash 
which was added as KOPO^ and as KONO^ are given separately 
and imited with a bracket 

Period 

L 12 cent cab. Bolutiou of KOPO,,* 600 cent cub. nonual aolutloQ A 
IIL&iy.20 „ „ 600 „ 



^ 10 emt. euK of tlie lofaituHi eontaiaed eaadfy 1 dMignoaiw ofSOPOs. 
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In these solutions are contained in grammes, — 





rrr. L. 




I Or, 111. w 1 V . 


i or. V. 


Nitric ucid . , 
Siil|thuric acid . , , 
Phosphoric add • 
Lime • • . . 

Potash . . . 1 


1-2960 
0*2970 
00750 
0-4104 
01898 
0-5640 
0-0490 


10800 
0-2476 

03420 
0-1166 

0-4700 
00408 


1 UHO<» 
0-2475 
0 1250 
03420 
0*1166 
0-4700 
00816 


1 0800 
0-2476 
0-1876 
0-3420 
0-1166 
0-4700 
0 1224 




3-8812 


2-3693 


2*4626 


2-6669 



With the exception of the mixture used in Period V., there 
WJus ciilded to the. others also 0*1 gramme of pliosphate of iron. 

The diiratiuii of these periods was accidental, dependinp; on 
flnctiiatinp;' nirtroiolno^ical conditions of the atmosphere, but 
was so far regulated that a distant period wa.'^ marked whenever 
ahnost exactly 1 litre of water had been exhaled throu«rh the 
leaves of the plants. At this time tlie remainder of the liquid 
waB drawn off for analysis, and the vessel tilled with a fre«h 
solution. 

In the following the results of the analysis are given along 
with the chief periods and circumstances of tlie experiment*!. 
In the analytical n sults in column a, is placeil the total quantity 
of each acid, and salt received by the plant in that particular 
period; in column b, the bases and acids found by uialyais iu 
the remainder of the fluid; in column c» the difference between 
A and B, indicating the quantity of bases and acids absorbed by 
the plants. Further^ the relations of the bases to each other, 
and that of magnesia to sulphuric acid (calculated from column 
A.\ are given; the quotients also express the proportions in 
irhich these matters were given to the plants at the begin* 
ning of the period. Immediately undemeathi indicated by 
^abBorbed,' are placed the same proportions, calculated from 
column c, in order to show in what ratio the plant has selected 
these matters (when there does exist a determinate power of 
selection). 
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BUVKAET Oy TOK WOOD aiTSK TO A VUXt Of VAI^ AJIB JM' 

VnJOSD BT IT. 

1. Period. From May 12 to June 12. — At the conitnence- 
"ment the plant weighed 8 trrammes * ; and had six leaves with a 
surface of 264 square ceutimetres; water exhaled during the 
time = 1 litre. This period was divided into three sections, in 
which at first dilute solutions were usecL Tbd mixtures 
were in, — 

SectioQ I. Section II. fiectioD III. 

Solution of EOFOs . 2 cent cub. 4 cent cak 6 cent, tab, 
Vonnal Mlntum ▲ . 100 „ 200 SCO „ 



Total fluid 
PboQiiutoofiiioii 



198 



I* 



800 » 
0*1 



96 
800 



n *W It 

0*1 gmnme O'l 



There were added as the solution was absorbed by the plants — 
L Section = 60 cent. cnb. diatilled water 

n. „ -350 „ 

m, „ -670 „ 

1000 cent cnb. » 1 litre 

The residue from each section » 300 centi eah^ were nnited 





A 


B 


0 


Nitric acid . . . 


1-2960 


f 


f 


Sulphuric acid , • 


0-2970 


01240 


01730 


Fboqphorieaeid . 


0*0760 




0'07«0 


Lime . • . • 


04104 


ouso 


0-2fi24 


MapK'si* ... 


01398 


0-0640 


00768 


Potash 


0-6131 


0-2280 


0-3861 




2-9313 


06640 


09713 



In the first of the followiiig lines are placed the proportionfl 
of the matters giren to the plants, calculated from column A; 
in the second, the calculations are made from column c : — 

Given: -£52. = 2-9 ; i^ = l-5: ^=2-1 
MgO 'CaO 'MgO 

Absorbed: i^«3^; ??=l-5; ^^=2-2 

iVigO CaU iMgO 

* The maute aeed ivere made to geminate in the month of ApfQ in well vashed 
sand; the young planto weigbt 1 n the 12tliMaj,8^ia8iniee;Midijiagthef«eidiie 
weii^ed ccaroeXy more than theaeede. 
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II. Period. From June 12 to July 20. — ^At tlie commence- 
ment the plant weighed 65 gnmmeB, and had nine leaves with 
a surface of 648 square centim^res ; water exhaled = 1 litre ; the 
plant received 0*1 gramme of phosphate of iron suspended in 
the water about the roote, the roots became of a reddish yellow 
oolour. 



Nitric acid . 
PtjIjihnnV arid 
Phosphoric acid 
Lime . • 



Potuh 



A 


B 


0 


1-0800 


f 


? 


0-2476 


01704 


00771 


0-0625 


00000 


0-0626 


0-S420 


0*1918 


0*1008 


01160 


0*0860 


0*0806 


0*6110 


0*8120 


O-IOOO 


2'tm 


0*7M6 


0*6190 



Proportiolis of bases and acids, — 

Given : = 2*9 ; = 1*5 : — *~=2'1 

MgO 'CaO 'MgO 

Absorbed: ^5-0; «l-3; ,^^=2-5 
MgU • CaO MgO 

III. Period. Prom July 20 to 27. — At the commencement 
the plant weighed 7 > ^rammes, and had eleven leaves with a 
surface of 720 square centiiii^res ; water exlialed = 1 litre; 
to the solution was added 0*1 gramme of phosphate of iron; 
radica-tiou stroug. This period differs from the preceding in the 
quantity of KOPO^ given being double. 





A 


B 


0 


Nitric acid . • « 


1 0800 


? 


? 


Sulphurif* nrid , , 


0-2475 


01710 


00769 


Phosphoric acid . • 


0-1260 


0 0000 


0-1260 


•Eiiine * • • . 


0-3420 


0*1440 


01980 




0*1166 


0*0860 


0*0806 


PlVtMh. 


0-6518 


0*2160 


0*8368 




8^28 


0HI176 


07668 



Proportions of bases and acids^ — 
Given : 



Ca0^g.g. KG. 
MgO ' CaO 



Abeorbed: ^=s6-l; 



MgU 



CaO 
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"BT. PeriocL "From Jaly 37 to August 1. — ^At the conmienoe- 
ment the plant weighed 147 grammes^ had eleven leaves, with a 
Borfiuie of 1160 square oentimdtres ; water exhaled » I litre; 
to the solution was added 0-1 gramme of phosphate of iron ; the 
roots hecame distinctly reddish yellow. The plants reoeiTed 
twice as much EOPO^ as in the second period* 



Nitric acid . 
Sttlphmie add 
flMMphoEie add 

Limo . , 



A 


B 


0 


1-0800 


? 


? 


0-247^ 


0*1874 


0-1101 


012oO 


0-00 00 


01 260 


0-3420 


0-1188 


0-2232 


01 165 


00719 


0-0446 


0-5618 


0-1296 


0-4222 


21G2S 


0 4617 





Proportions hetween hases and acids, — 
Given: 



Absorhed: ^=:6-0; ^=:l-8; -52i.s2-3 
MgO 'CaO 'M^O 

To ascertain how &r the results from this artificial mode of 
eultivation may be compared with those produced under natural 
circumstances, maize of the same kind was planted in the 
garden in the middle of May. The latter were exposed to the 
same atmospheric conditions as the experimental plants. On 
August 1, a plant from the garden of the same period of 
vegetation as the experimental plant, with also fifteen leaves, 
and visible male flowers, weighed 1260 gramiiies, that is to say, 
seven times as much as the artificially reared plant. The stem 
of the garden plant from the lower knot to the buiiuinL of the 
flower-stalk measured 150 centimetres, being three times the 
height of the experimental plant* 

V. Period. From August 1 to 10. — At the commencement 
the plant weighed 173 grammes": tlie stem was 52 centimetres 
hitrh ; in the middle of the period the plant had fifteen large 
fine green leaves, with a surface of 1420 8(piare centimetres. 
In this period double the quantity of water (2 litres) was 
exhaled, and as the older roots were distinctly reddish yellow in 
colour, the plant received no more phosphate of iron, but thrice 
as much phosphate of potash as in the second period. On 
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Au^st 6 and 7, the male flower, consisting of seven amgle ears, 
-was fully expanded from the sheath^ the stem was strong, and 
70 centim^ea high* Oa August 7, a fully fonned female 
flower appeared ; ou August 9, the anthers began to shed their 





A 


B 


0 


Nitric acid . . 


1-0800 


t 


? 


Stilphurie Add . . 




01640 


0*0885 


FhMphorie add . 


0-1875 


00020 


0-1855 


Linie . . • . 


0-3420 


0-1236 


0-2184 


|tlagn(*sia * , . 


0-1165 


00790 


(i();i70 


Potaah .... 


059-27 


01894 


0 4U38 




2-6662 


0*6580 


0i»277 



Proportions between bases and acids, — 

Given: ^=2-9.^=V1 -A^i-l 
MgO 'CaO 'MgO 

Absorbed: ;j|=5-9;^=l.8;|2.=2.3 

As the plant in this period flowered^ and earlier experiments 
had shown tiiat maize du^^ np at the period of flowering and 
placed in river water furnished still ripe seeds, and also by the 
addition of the salts which the plant in each period had taken 
up in proportion . to its increase in weight in the first four 
periods, it appeared that it must contain fully as much salts as 
the plant in its normal condition in the field takes up, if placed 
from this period only in distilled water* 

VI. Period. From August 10 to 16. — ^At the commenoement 
the plant weighed 255 grammes, and had 15 fiiUy expanded 
leaves with a surface of 2640 square centimetres : 2 litres of 
water were exhaled. 

On August 10, the anthers had almost completely shed their 
pollen. The stem shot up rapidly, and on the 12th it measured 
to the tip of the flower 1 mdtre in height. On the 13th a 
second female flower appeared, wliicli wtis surroundetl with 
paper to ])rot«!ct it from dubt Ou August 16 the height of the 
plant was 1*1 iiiMre: it did not ^tow any mure. The frnit- 
bearing stalk wiis, on August IG, already 2 decimetres long, and 
had below a thickuesii of 4 centimetres. 

On August 16, the water was drawn off and analysed. 



Digitized by 



BZPEBIMENTB ON TEGETATION IN SOLDTIONS. 879 



0-016 gnimme potash Sulpluiric acid (oulj iudi.^iinct opaioB- 

0*008 „ limo C€nc<f with clilorido of barium). 

0*001 „ pluMpliOBie add Magnesia, 

Iroii and nlieic add. 

From the circumstance that in this solutioa there was no 
silicic acid, it is plaiu that the gla.ss vessel liad furnished none 
^ to the flnid by decomposition in the cuurse of one to two weeks, 
VIL Period. From August 16 to September 

Wdght of plant on 16 Angnat » 280 gnmnea 

„ „ 22 „ at 8 o*dodc a.in. 316 „ 
w n 22 „ „ 8 „ p.m. 320 „ 

I* » 28 „ „ 9 „ „ 330 „ 

» » 1 Sept. „ 9 „ ,. 327 „ 

8 ,» „ 817 „ 

From September 1 the weight diminish* <1 by the drying of 
the leayes, and as this decrease was accidental, the plant was 
not thenceforward weighed. The leaves ahrivelled. The plant 
had exhaled 3^ litres of water in the period. At this time it 
was placed in a vessel containing 1 '5 litres of water, to deter- 
mine what salts returned to the water by endoRmone* The 
water was kept up at the same level by daily additions, and at 
last was allowed to exhale until the residue was 1 litre. In this 
litre were found 0*031 carbonate of lime and 0*007 carbonate of 
magnesia. Both salts were left in the basin undissolved after 
evaporation, and after the residue had been treated with wat^* 

In the water with which the residue left on evaporation in 
the basin had been extracted, the following substanees were 
ioand in solution : — 

0*020 lima f togetlier with or^^ic matter wliich 

0*0006 pbosphorie add | redneed a aolntion of oxida of ooppar 
0*0084 potaah Land potash. 

In this lai<t solution not a trace of iron, sulphuric acid, or 
magnesia, wtLS fouiul. As the preceding analyses indicate, the 
solution of nutritive matters for gramine® must have the 
following composition: — 

MgOSO, + 4CaONO.+4KONO, + xKOPO^^ 
(Compare <Ghem. Central Blatt» 1861/ s. 465, 564, and 945.) 

* At all pamda tiia planta tbrew off ovganio aubataneea, but diieflj in tlie Iwft 
period*. 
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II. — EjeperimenU of Stohmann. 

The experimeute of Stohmaun agree in tlair main results 
with those of Knop. According tu these experiincutH, the 
lauize plant grows to full maturity if in the heginning^ of IVIay 
the seed wbiek has p^orminated in \vater, and has shut furth 
roots, ia placed in a solut ion eontaiuiug the food of maize in tlie 
proportions in ^vlli(•h they exist in the ashes, if at the :sanie tune 
thi re has been added to it so much nitrate of ammonia tliat to 
evtTv part of j)ho5jphoric acid in the soliiti«iii there are two 
part« of nitrogen, ami if hnally it has been diluted with dis- 
tilled water to a concentration of tliree parts of solid matter per 
1000 parts. The plants must grow in a sunny spot, and the watar 
exhaled by the leaves must be daily replaced by distilled water, 
and the solution tested as to its reaction. The solution must 
always react, slightly acid, and be maintained in this condition 
by the addition from time to time of a few drops of phosphoric 
acid. If these conditions are fulfilled, there is no necessity for 
any artificial source of carbonic acid, but by means of the 
atmospheric carbonic acid alone there are produced fully formed 
plants which, under favourable circumstances, attain a height 
of 7 feet* 

The experiments of Stohmann were more especially directed to 
the influence exercised on the growth of the maize plant by the 
withdrawal of one element of food. In this point the results differ 
from those of Knop. Whilst in the experiments of the latter 
maize was found to grow perfectly without silicic acid, soda, or 
ammonia, Stohmann made use of silicic acid in all his ex- 
periments, and found &rther that by the complete withdrawal 
of ammonia and even soda the plants grew quite weU. 

On withdrawing ammonia completely and replacing it by 
nitric acid, Stohmann found that the plants gre\s perfectly well 
for the first ten to twelve days, then they became of a pale 
yellowiish green, and the vegetation proceeded extremely slu\\ly. 

If after a month's vegetation a little ammonia (in the furai 
of nitrate or aeetate) was given to the plants, they died very 
(}ui('kl\\ Without this supply of ammonia the blanched, sickly 
vegetation continued ; the plant did not die, and yet it could 

* Aeootding to Knop maise plants growing in * wateay aolution gire off carbonic 
add ootttinuonaly ftom their xoota. 



Digitized by Google 



E2U»KBIMEN1!S OK VBOBTATION IN SOLUTIONS. 881 



Bot be said to live.* In the experiments made without sodc^ it 
was found that the plant could dispense with this substance at 
first, but its progress was soon arrested if the soda was com* 
pletely withdmwn. The nitrate of lime of the normal solution 
was in another experiment replaced by a cortesponding quan- 
tity of nitrate of magnesia. The growth of the maize plant 
was after a short time much retarded, only a few small, thin 
leaves being developed. By the addition of a little nitrate of 
lime to the growing plant* the most remarkable change was^ 
however, produced. Scarcely five hours elapsed before the 
growth of the plants which had been stationary for four weeks, 
awakened to a new life, and proceeded from this time forth in 
the best manner possible. A plant without the after addition 
of nitrate of lime remained stationary, making no progress 
whatever : the maize plant, therefore, recjuires lime immediately 
after the commencement of its growth. 

In an experiment in which the magnesia was replaced by 
nitrate of liitu', the same result was obtained as when linie Wiis 
wanting. In this caso, also, the vcLTftation was very poor. A 
supply of magnesia, in the forna of niti.iU-, exerted here also 
the most favourable action, only the effect waa not so quickly 
produced as in the case of lime. 

Even by tlie cumplete withdrawal of n'linc arUl the maizo- 
plant did not grow. In tliese exp»'rinieut.s it is true tlie alkalii s, 
as well as the alkaline earths, were in part supplied in tlie forui 
of sulphates and chlorides. Chlorine and snlfthuric aeid, how- 
ever, are recjuired only to a limited extent in the vepfetable 
organism. The same holds good in the experiment without 
nitrogfn. According to thefe experiments, therefore, a plant 
is not developed if one of its elements of food is wanting, and 
the complete replacement of one element of food by another 
one similar to it^ is hence completely out of the question. The 
result may, however, be different with the reciprocal paiiial 
replacement of similar elements of food ; and Stohmann is about 
to take up this question. 

The form in which the food was supplied was the following. f 

• Coniparv Knop, * Cbem. Central Bl. 1862,' s. 237. 

f To form s oompleta sohitioii of dl matter*, and to remoro tho alkaline re- 
action, the fluid waa first proi * riy tlilutod with water and ao much weak hydro- 
chloric and later phoepboric acid waa added aa to make the reactioii diatinctly 
feebly acid. 
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The silicic aeiii was always supplied in the form of silicate of 
potash ; the potash as uitratcj. In the series of experimeuts 
(3) which were made without jiitnc aoidj aulphate of potash 
was used instead of the nitrate. 

The pJiosphorio <icid waa used in the form of 2NaO, HO, PO5 
24HU; in experimental Feries 5, in which soda waa excluded, a 
potash salt was used, 2K0. HO, PO^, of which a concentrated 
solution was prepared, containing a known quantity of potash and 
phosphoric 9ckL As the phosphate of soda contained mora 
soda than was requisite in the composition of the ash, there 
was thus in the fluids in the experimental series 1 to 7 an excess 
of this base; at a later period, a correspondingly smaller 
quantity of phosphate of soda and more of the potash salts 
were employed. 

The eulphurio a<dd was in the form of sulphate of magnesia, 
with the exception of 7, in which sulphate of ammonia was used, 
the magnesia required was added in the form of nitrate of 
magnesia. 

The oonde of iron was 8u|i]i iied in the form of pure sublimed* 

chloride ; the lime as nitrate, and in the case of 3 as chloride of 

calcium; the ammonia as nitrate, sulphate, or chloride. 

It wan scarcely pust^ilde to avoid using a larger or smaller 
excess of one or other uf tlte substances. This was particiilaily 
the ease with soda and chlorine. These deviations will be best 
shown in the following tables. 
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KEMAEES Om IHE StniMABY 01 ZHfi W£1QHXS OF Til£ CBOPS. 

I. Plants A, B, c, and d grew in normal eolations. Plants A 

and B were placed in the Bolution on July 1, and plant A was 
gathered on September 10, fully ripened; its total height was 
2U2 ceutimdtres. The plant t'rom the garden soil with which it 
was compared was of middle size. Plant B gathered on Sep- 
tendxT 27, w;ls fully grown, and had a lieight of 127 centimetres. 
Plants c and n were placed in the normal solution on June 10, 
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they did not attain their full growth ; both were gathered on 
October 28. 

IL Commenoement of experiment in solutions vntkaut am^ 
monia on June 10. — A and b received on July 12 a supply of 
0*2 gramme nitrate of ammonia ; on July 23 tbej were placed 
in a freeli solution, to whieb was added 0*2 gramme acetate of 

ammonia ; both plante died on July 31. Plants c and D received 
normal solution on August 4, which was neutralised with phos- 
phoric acid ; c died on August 9, d recovered somewhat, but 
remained sickly till gathered on September 27. 

IIL Experiments vtithout nUrie add, — Commencement on 
June 10; rapid decay of "the plants ; by July 1 A and b were 
already dead* 

IV. Kxperiiiieiits vlihrnif miroffm. — 'Commencement on 
June 10. In the first \Yeek the growth was excellent^ hut in tlie 
second week it came to a stand, a lived till gathered on Sep- 
tember 27 ; height 15 centimetres, length of roots 82 centi- 
metres. Plants 0 and d received on July 1 1 each 0*2 gramme 
nitrate of ammonia, and on July 17, also, the same quantity. 
The influence of this salt was rapidly visiblew On August 4, o 
and D received normal sol ution. Phint c was gathered on Septem- 
ber 27y height 75 centimetres. Plant p gathered on November 
15, was in a healthy state^ and had attained a height of 120 
centimetres. 

V. Experiments without soda. — Comnicucement June 10. 
Tlie early vegetation was very luxuriant ; in the end of July, 
however, the plants were not progressing. On August 4, the 
plants received normal sohition ; two died, but A and b made 
further ]» regress, a and b were gathered on October 30, height 
of A, 205 centimetres ; B stunted* 

VI. Experiments wUhovi lime, — Commencement June 10. 
Plant A had reached a height of 2 centimetres on July 17 ; but 
made no further progress, b received on July 1, O'l gramme 
lime in the form of nitrate, and, on August 4, normal solution, 
Tigorous growth. It had on November 15 four stems respec- 
tively 107, 95, 75, 70 centimetres high, which were covered 
with leaves, and had eight well-developed heads ot trait. 
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VII. Experimeuts imthout imagne»ia. — Ooininencement .Tune 
10. Progress as in Experiment VI., and gathered as it was 
making no visible progress, b and c received on July 17, 0*1 
gramme nir>cfTip«:ia, and on August 4 normal solution, gathered 
September 27 : i ight of B, 23 centirndtres ; of <\ 42 centimetres. 
Both had male flowers without pollen, and no female flowers* 

On comparing his experimental plants with those which grew 
in the ground, both in respect to weight of the crop and to 
amount of aah and its composition^ Stohmann concluded that 
we may indeed convert a plant of maute into a watar-planU^ but 
that maize cannot grow in a normal condition in solutions of its 
food. Furtiier, his experiments showed in a poeitive manner 
that the soil played a determinate part in tiie nutriment of 
plants — absorption of alkalies — and that plants in tiie absorp- 
tion of their food must themselves take an actiye part (compare 
Henneberg's ^Journal fiir landwirthscfaaft, 1862,' & 1, and 'An. 
der Chem. und FharmLj* bd« cixL s. 285). 



APPENDIX F (page 109> 

EXPERIMENTS ON THE GliOWTH OF BEANS IN FOWDERJSD TURF. 

To complete the experiments on vegetation described at 
page 106» the results of the entire crops are now given in the 
following table ; — 

Ihy 9ub^4mce of the bean plarUs in fframmes. 
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36-368 


26-411 


3-063 


Total tre^t » 


228-OU 


1M*792 


117*719 


20*418 



These numbers completely confirm the conclusions drawn 
from the weight of the aeeda alone. If the crop from the pure 

C C 
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turf be taken as unity, the weights of the entire crops bear the 
followiDg proportions — 

1 ; 5-7 : 7*7 : 10-9 

or if the weight of the crop in the | saturated turf be called 2, 
and that of the J and fully saturated turf be compared with it, 
the following proportions are found — 

2:2-7: 3*8 

If the weight of the crop fumished by the pure turf be sub- 
tracted from each of the others, and the weight of the orop in 
the i saturated turf be taken at 2, then the erope in the ^ and 
fullj saturated tur& bear the following proportiona to it — 

2:2-8; 4-2 



APPENDIX G (page 238). 

Extmct from the Report to the Mmister of Agriculture <xt 
Berlin^ on Japaaieee Husbandry ; by Db. H* M^on, Mem^ 
her of the Prumam East Adatie Eix^pedUion. 

SECTION L 

SOIL AND KANtJRINO. 

The J^[wnese empire stretches from the 30th to the 45th 
degree of north latitude. The average temperature and distribu- 
tion of heat constitute a climate embracing all the gradations 
between those of central Germany and of Upper Italy. A soli- 
tary tropical palm, not fully developed, grows by the side of the 
northern pine^ rice and cotton along with buckwheat and barley. 
Everywhere on the chains of hills, which cover the whole 
country like an irregular fine network, the pine predominates, 
stamping upon the landscape that homely northern diaracter, 
which affords so cheering a sight to the northern traveller, who 
reaches these shores after having passed through the hot and 
luxiu i;iiit regions of the tropics. In the valleys, on the other 
hand, the burning south IioIcIh Hway, coverin^^ the ground with 
a rich vegetation of rice, cotton, yams, and sweet potatoes. 
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l[iiiidreds of footpaths and .snuiU raviiio.s lead to charming 
transitions between pine and cotton, hill and dale ; everywhere 
there is a gay medley of laurels, myrtles, cypreti8es, and above 
all, shining camellias. 

The land is of volcanic origin, and the entire surface belongs 
to the tufa and the diluvium formation. The soil on the hills 
f'of^sists of an extremely fine, yet not over fat l»ro\vn clay; 
whereas that of the valleys ia throughout the country, with 
some trifling modifications, of a black, loose, and deep garden 
mould, which upon trial in different places I found extended to 
a depth of 12 to 15 feet^ being throughout of the same quality^ 
though somewhat more compact in the deeper layers. An 
iidjiermeable stratum of clay probably underlies thia arable 
crust. As the day strata of the mountains, in consequence of 
the frequent and copious (alls of rain, give rise to a multitude 
of springs, which are everywhero at hand, and may thus easily 
and without any great skill, be turned to account for the purpose 
of irrigafcion ; so the impermeability of the stratum underlying 
the surface soil in the valleys enables the Japanese husbandmen 
to turn the soil at pleasure into a swamp, for the cultivation of 
rice. 

Whichever way one may fed inclined to decide the question, 
whether the present fruitTulness of the soil is simply the arti- 
ficial product of cultivation continued for a period of several 
thousand veara, or whether thia fertilitv existed from the berrin- 
ning, inakiiig this people love and cherish the labours agricul- 
ture, this much unust be granted, at all events, that the clay 
of the diluvium, the mild climate, and al)undancc of water, 
. afforded ail the conditions, and the most convenient means, for 
a thriving cultivation. All these advantac'es have l)een most 
carefully turned to account by an indusinuus, iiigenions, and 
sober people; and husbandry in Japan has become a truly 
national occupation. The Japanese have thoroughly mastered 
the difficult task of maintaining agriculture in a state of the 
highest perfection, although its p>n suit is entirely in the 
hands of peasants and yeomen, who take rank in the sixth and 
last but one class of the social scale, and no Japanese gentleman 
is a farmer. There are no agricultural institutions for iustruo* 
taon in husbandry, no agricultural societies, no academies, no 

c c 3 
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pcri<KHoal press to spread the tcacliiiigs of science. The son 
simply leanis from the fathtjr; aud an the fatlier knows quite a^i 
much as his grandfather and great grandfather before him, so 
he pursues exactly the sj\me system of husbandry as any otlier 
peasant in any other part of the empire; it is a matter of 
perfect indifference where the young i^riculturist learns his 
business. The young pupil in husbandry will always be able to 
maiiter a certain small amount of information which the expe- 
rience of ages has shown to be true, so that it may be looked 
upon as positive knowledge, and a sort of hereditary heirloom. 

I must oonfess that I experienced a feeling of deep humilia- 
tion on many oocssions, when with this simple knowledge, and 
the safe and uncontested practical applica,tion of it in hus- 
bandry before my eyesj I thought of home. We boast that we 
are a civilised nation ; in our land men of the highest intellectual 
attainments devote their best energy to the improvement of 
agriculture ; we have everywhere agrieultond institutions and 
agricultural societies, chemical laboratories and model farms, to 
increase and diffuse the knowledge of husbandry. And yet how 
strange that» despite all this, we still go on disputing, often so 
vehemently and acrimoniously, about the first and most simple 
scientific principles of nyrieulture ; and that those who earnestly 
search after truth are forced to admit the infinite sraallness of 
their positive and tmdisputed knowledge I How stran^^^ also 
that even this tritiiny; amount of positive knowledge has as yet 
found so little application in ])racticel 

Among the p^reat questivjus which still remain in dispute with 
us, whilst in Japau they have long since been settled in tlie 
laboratory of an experience extending over thousands of y("ars, 
I must mention a*? the most important of all, that of manuring. 
The educated sensible farmer of the old world, who has in- 
sensibly come to look upon England, with its meadows, its enor- 
mous fodder production and immense herds of catti^ and in 
spite of these with its great consumption of guano, ground 
bones, and rape-cake, as the beau ideal and the only possible 
type of a truly rational system of husbpndry^ would certainly 
think it a most surprising circumstance to see a country even 
much better cultivated, without meadows, without fodder pro* 
duction, and even without a single head of cattle^ either for 
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draught or for fattening, and without the least snppl}' of guaoo, 
grouml bone.s, saltpetre, or rape-cake. This is Japan. 

I cannot help smiling when I remember how, on my passing 
through England, one of the great leaders of agriculture m that 
country, pointing to his abundant stock of cattle, endeavoured 
with an authoritatiTe air to impress upon my mind the following 
axioms, as the great secret of true wisdom: — 'The more 
fodder, the more flesh ; the more flesh, the more manure ; the 
more manure, the more grain I ' The Japanese peasant knows 
nothing of this chain of condosions ; he simply holds fost to one 
indisputable axiom, yiz. without continaous manuring there can 
he no conlanuotiB production* A small portion of what I take 
from the soil is replaced by nature (the atmosphere and the 
rain), the remainder I must restore to the ground ; the manner 
in which this is done is a matter of IndifTerence. That the 
produce of the land has first to pass through the human body 
before it can be returned to the soil, is, as &r as manuring is 
concerned, simply a necessary evil, which always involves a 
certain loss. As to the intermediate stage of cattle feeding, 
which we deem so requisite in our system, the Japanese farmer 
e.amot at all see ita necessity, lie argues in his way that it 
must cost a great deal of unnecessary and expensive lahuur to 
have the produce of the field first eaten by cattle, so troublesome 
and expensive to breeii, and that this system must involve more 
considerable los8 of mutter than his own. How much more 
simple it must bo to eat the corn yourself, and to produce your 
own manure I Far from me be it, however, upon tin- ground of 
the so widely differing results to which the develoix Tiu nt of 
agriculture has led in the two lands, to pass judgement upon our 
system of husbandry, and to exalt unduly that of the Japanese 
by attributing superior intelligence to that nation. Circum- 
stances have brought about the results in question, and the foU 
lowing more especially have exercised a decided influence in the 
matter. The religious belief of the two great sects in Japan, 
the Sintoists and the Buddhists, forbids the eating of flesh, and 
not alone of flesh, but of everything derived from animals 
(mik, butter, cheese) ; this prohibition, of course, disposes of one 
of the principal objects for which cattle are bred. Even sheep, 
if kept for the wool alone, would not pay, as our fanners b^gin 
to find out even in Gennany. 
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The very limited area of the homesteads in Japan ako makes 
Uie maintaiiiing of cattle superfluous. The smaliness of the 
&niis must not he attributed, however, to any ezoessiye tendency 
to subdivision of landed property, but to the fiuit that the land 
belongs to the great princes or Daimios of the country, who have 
bestowed it in fee upon the lower nobility. The latter, again, 
being precluded by the institutionB of the country from fiurming 
their own estates, have parcelled the land out, apparently from 
time immemorial, on perpetual leases, among the peasantry of 
the country. The size of these fiirms varies from two to five 
acres ; the limitation having been most likely determined either 
by their iiatuml position, or from the course of some brook or 
rivulet. Now, as this limited urea is intersected moreover by 
drains and ditclies, it will be readily seen that there is hardly a 
plot of ground to be found where the use of beasts of burden 
mi[rlit be pnititably had recourse to. 

Ni»w, with us matters are very different in these respectij. 
We liave a notion that we could not possibly exist in heaUli and 
vigour witliout a considerable couHumptioii of meat, aUhou^^h 
we haVe the fact const^intly before our eyes, that our labourers, 
who assuredly rt f|nire as much strength as any " tlier class of 
society, are, fox the most part, involuntary Butldhists. Our 
ftrms are alwnys sufficiently large to preclude the notion of 
working them l)y hand, even leaving out of consideration the 
important circumstance th;it the price of labour is rather too 
high, in proportion to the value of the produce, to admit of 
such a system of farming. But that the culture of the soil is 
everywhere in the world In direct ratio to the division of the 
land is a well-established fi&ot, of which the reality and signifi- 
cance are made most dearly apparent to the traveller who 
passes from the north of Germany to Japan, vi& England* 

The only manure-producer, therefore, in Japan is man; and 
we need not wonder that the greatest care should be bestowed 
in that country upon the gathering, preparing, and applying his 
excrements. Now, as their entire course of proceeding contains 
much that is highly inetructive fbr us, I consider it my duty to 
give as detailed a description of it as possible, even at the risk 
of offending the delicate feelings of the reader. 

The Japauese dued not coUbtruct hia privy as we do in 
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Oermany, in some remote corner of the yard, with lialf-open 
rear, giving free admission to wind and rain ; but he makes it 
an egsentaal part of the interior of his dwelling. As he ignores 
altogether the notioiLof a ' seat,' the cabinet^ which, as a general 
rule, is very clean, neat, and, in many cai^es, nicely papered or 
painted and yamished^ has a simple bole of the shape of an 
oblong square running across and opposite to the entrance door, 
and serving to oonrey the excrements into the lower space. 
Squatting oYet this hole, with his legs astride, the Japanese 
satisfies the call of nature with the greatest deanliness. I 
neyer saw a dirty cabinet in Japan, even in the dwelling of the 
very poorest peasant It appears to me that there is something 
very practical in this form of const^ction of a closet We, in 
Germany, construct privies over our dung-holes, and behind our 
bams, for the use of our leurm-servants and labourers, and pro* 
Tide them with seats with round holes. With even only one 
aperture, it is too often found that after a few days' use they 
look more like pigstyes than closets for the use of man, and this 
simply because our labourern have a decided, perhaps natural, 
predilection for s(juatting. The construction of the Japjinest; 
privies shows how ofisy it would he to satisfy this pre<li lection. 

To receive the excrein«M)ts, tliere is placed below the ,s(juare 
hole a buciiet or tub, uf a size correspoudiuLC to it, with pro- 
jecting ears, through which a jiole can be pa.ssed to carrv the 
vessel. In many instances a large earthen pot, %vith handles, is 
used, for the manufacture of wliicli the Japanese clay supplies 
an excellent material. In some rare instances in the towns, I 
found a layer of chopped straw or chaff at the bottom of the 
vessel, ,and occaf^ionally also interspersed among the excrements, 
a proceeding which, if I mistake not, has of late been recom- 
mended also in Germany. As soon as the vessel is ftiU, it is 
taken out and emptied into one of the larger dung-vessels. 
These are placed either in the yard or in the field They are 
large casks or enormous stoneware jars, in capacity of from 
8 to 12 cubic feet, let into the ground nearly to the brim« It 
is in these vessels that the manure is prepared for the field. 
The excrements are diluted with water, no ciher addition of 
any kind bwng made to them^ and stirred until the entire mass 
is worked into a most intimately intermixed fine pap. In rainy 
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weather, the vessel is covered v/\ih a moveable roof to shield it 
from the rain; in dry weather this is removed, to aUow the 
action of the sun and wind. The solid ingredients of the pap 
gradually subside^ and fermentation sets in ; the water evapo- 
rates. By this time the vessd in the privy is again ready for 
emptying. A fresh quantity of water is added, the whole mass 
is again stirred and most intimately mixed together, in short» 
treated exactly like the first emptying. The same process is 
repeated^ until the cask or pan is fiiU. After the last supply 
of excrements, and thorough mixing, the mass is left» according 
to the state of the weather, for two or three weeks longer, or 
until it is required for use ; but under no circtimstanee is the 
manure ever etnploifed in the fresh state. This entiri: course 

OF PBOCEEDLNG t'LKAItLY SHOWS THAT THE JArJLNK^E AUE PAR- 
TISANS OF THE MTKOGKN THKOIIY, AND THAT THEY ONLY CARE FOR 

THE SOLID INGREDIENTS OF THE DFNG. Thmj leave tlie ammoiiia 
exposed to dtTor/ip<t8iti(>u hn the action of the sun, and 
its volafi/istitlon hi/ the 'ivlnd, livt fake the y renter care 
to shield the solid iiiffredlrnt.'< from hcinfj wasted or swept 
away hy rniVy d'c. A.s the peasant, however, pays his rent to 
his landlord not in cash, but in a certain stipulated percentao^e 
of the produce of his fields, he argues quite logically that the 
supply of manure from his pnvy must necessarily be insufficient 
to prevent the gradual exhaustion of the soil of his farm; 
notwithstanding the marvellous richness of the latter, and in 
spite of the additional supply of manuring matter derived from 
the water of the brook or canal from which he takes his mate- 
rial for irrigation. He places, therefore^ wherever his field is 
bordered by public roads^ footpaths, &a, casks or pots buried in 
the ground nearly to the rim, uigently requesting the travellmg 
public to make use of the same. To show how universally the 
economical value of manure is felt and appreciated in all classes 
of society in Japan, from the highest to the lowest, I need 
si ui 2)1 y state the fact that» in all my wanderings through tiie 
« country, even in the most remote valleys, and in the homesteads 
and cottages of the veiy poorest of the peasantiy, I nev^ 
could discover, even in the most secret and secluded comers, 
the least trace of human excrements. How very different with 
us, in Germany, where it may be seen lying about in every 
direction, even close to privies I 
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I need not mention that the mannre thus Ipft by benevolent 
travellers is treated exactly iu the same way as the family 
mannre. 

But the excrements of the peasant contain aho some other 
matter, which has not been derived from the soil of his fields, 
and which may be said to represent an additional importation 
of manure. The river, brooks, and canals, and the numerous 
Uttle bays, abonnd in fish, which the religion of the Japanese 
permits him to eal^ a permission of which he most largely 
avails himsell Fishes, crabs^ lobsters^ and snails are eaten in 
quantities, and these ultimately afford a most valuable item of 
contribution to the privy, and consequently to the fertilising 
field-manure. 

The Japanese fiamer prepares also compost, Ab he keeps no 
cattle to turn his straw, &o. into manure, he is forced to hicor- 
porate this part of bis produce with the soil without 'animali'- 
sation.* The method pmsued to effect this object consists 
simply in the concentration of the materials. Chaff, chopped 
straw, horse-dung excrement gathered in the highways, t(jp.s 
and leaves of turnips, |)( elin<:^ of yarns and sweet potatoes, and 
all the oiial of the" iaiiu, are carilully nnxed with a little 
mould, shovelled np in small pyramidal htaps, moistened, and 
covered with a straw thatch. I often saw also in this compost 
heapvS of shells of mussels and snails, with which most of the 
rivulets and brooks abound, and which, in all parts close to the 
seashore, may be (obtained in any quantities. The compost 
heaps are occasionally moistened and turned with the shovel, 
and thus the process of decf>mpo8ition proceeds rapidly, under 
the powerful action of the sun. I have also oi^en seen the 
shorter process of reduction by fire resorted to when there was 
plenty of straw, or where the manure was required for use 
before it could be got ready by the fermentation process. 

The half-charred mass was, in such cases, in so far as my own 
observation enabled me to judge, strewed directly on the seed 
sown in the ground. 

I think the treatment of this compost is another proof 
that the Japanese farmer does not care for the azotised matters, 
and that he strives to destroy all organic substances in his 
manure before making uae of it Ike great nhjeet of the 
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Japanese farmer in all (JiU is to turn hia manure to account 
as promptly as possible. 

To attain this end, besides preparing bis manuiea ia the 
manner described, he has leootme also tu the following means : — 

1. He applies his mauures, and particularly his chief manure 
derived from his privy, invariably as much as possible in the 
liquid form, 

3. hiwm no othsr mod$ of manuring than thai of top' 
droning* 

When he wishes to sow, the land is laid in furrows^ in the way 
to be more fully described hereafter, and the seed is strewn by 
hand, and ooveved with a thin and even layer of compost, over 
which liquefied and very dilute privy manure is poured. The 
manure is diluted in the buckets in which it is carried from the 
preparing tub or pots to the seed furrow, as this is the only 
way to ensure uniform intermixing of the materials. As tiiis 
manure has fully fermented, it may without danger be brought 
into immediate contact with the seed, and thus materially assist 
the first radication. 

It may be that this J;i]»;inese system ui mauurinj? cannot as 
yet be introduced into Knrupe in its int-etffity. But with such 
excellent results to show for their proceed iiigB, we might surely 
take a few lessons from thesie old practical men, and ein|jh)y them 
witli such modifications n« oiir social relations require. At all 
events we ini^^ht a(i«>})t in principle tlie followiuc]^ : — 

1. The greatest possible concentration (jf manures, which 
must necessarily lead also to a material reduction of cost. 
"^Tien I stated that the Japanese does not trouble himself about 
the azotised matters in his manures, and that his land is, not* 
withstanding, in a most f!onrishiag state of culture, this is no 
proof, however, that it might not even be better^ perhaps, to en- 
deavour to fix the iiif ronren too. If a more practical system can 
be devised, of which however I have my doubts, combining the 
advantage of both, so much the better ! But till something 
better is discovered, we might surely adopt that which experi- 
ence has proved to be good. 

2. Top-dressing, which is of course necessarily connected with 
cultivation in drills or furrows. 

3. Liquid manuring : not to the extravagant extent^ however. 
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in which it was sought to be carried out in England, but in ac- 
cordance with the present condition of Oerman agricaltuie* 
_^ 4. Manurmg with every crop. 

The Japanese never cultivates a crop without manuring % 
but be gives each crop or seed exactly as much and no more 
manure than is required for its full developement. He does not 
ctwT A afeottt M Lridsking the,soU./or futwn <!ropa. What he 
demands is simply a full crop in return for each sowing. How 
often do we hear our fisurmers talk about this manure being pre- 
ferable to that manure on account of its fertilising a«stion being 
*more lasting;' yet with all our wise provision for the future, 
how &r are we now behind the Japanese^ who seem to look 
always to the next harvest only! As thej manure for each 
fresh crop, and the term 'follow* in our acceptation is en- 
tirely unicnown to them» they are forced to distribute their 
yearly production of manure equally over the entire area of 
their land, which can be accomplished only by sowing in drills 
or furrows, and by top-dressing. 

The contrsust l)etween this rational system and the profuse 
application of our long straw manure over the whole surface of 
the i'wUi is truly glarinjj^. 

i may also add here that the manuro in the Japanese towns 
if? never aititically turned into ornano or jjoudrette, but is s(»nt 
every night and morning in it - n.itural foiia the country 
nri>unil, to return again after a tune in the shape ot beans or 
turnips. Tliousauds of boats may be seen early each morning 
laden with high heaps of buckets full of the precious stuff, which 
they carry firom the canals in the cities to the country. These 
boats come and go with the regularity of the post ; it must be 
admitted, however, that it is a species of martyrdom to be the 
conductor of a mail boat of this kind. In the evening long 
strings of coolies are met >vith on the road, who having in 
the morning carried the produce of the country to the town, are 
returning home each with two buckets of manure, not in a solid 
and concentrated form, but fireeh from the privies. Caravans of 
packhorses^ which often have brought manufactured articles 
(silk, oil, lacquered goods, &c.)y a distance of 200 to 300 miles 
from the interior to the capital, are sent home again freighted 
with baskets or buckets of manure ; in such case^ however, care 
is taken to select solid excrements. 



Uigitized by Google 



396 



APPENDIX O. 



ThuB in Japanese a^cnlture we have before m the represen- 
tation of a perfect circulation of the forces of nature; no link 
in the chain ifl ever lost, one is always interlaced with the 
other. 

I cannot refrain here from drawing a parallel in this respect 
between the Japanese and our system. In our larg^e farms we 
R portion of the productive power of our soil in the form of 
corn, Hirnips, or potatoes ; but our carts which convey the pro- 
ducts to the town or to the gat-es of the factory, bring back no 
compensation. One of the links of the chain is lost. There is 
another portion of our produce devoted to the feeding of large 
herds of cattle, of which a considerable amount is sent forth in 
the form of fat cattle, milk, butter, or wool ; this again is never 
leturned, and thus a second link of the chain is lost. Another 
small portion we and our labourers consume. This last portion 
at least might be turned to proper account, if we onlj knew, 
like tihe Japanese^ to save and use it more carefully and wisely. 
Will anyone venture to assert that the privy manure of our 
farms is of the least real importance ? I verily believe that under 
present ehrcumstances, the privy manure of an estate of a thou- 
sand acres would be barely sufficient for half an acre of ground. 
There remains then, from our present agricultural system, out 
of the entire productive power withdrawn by the crops from the 
soil, only that portion returned by our cattle, a small part indeed 
of the whole, if we take into consideration its bulk, and reflect 
in how concentrated a form we have disposed of the rest of that 
power in the shape of grain, milk, or wool. 

It may be objected, I am quite aware, that it is strange that 
our s}sleni of keepint^ large stocks of cattle does succeed in 
leading to a hii^li state of cultivation and abundiuit ]iroduce. I 
admit the fact, only let us iusccrtain first its true significance. 
It is, alxH'e all, necessary to settle about tlie true acceptation of 
the term * culture.' If hy 'culture' is meant the capability of 
the soil to give permanently high produce, by way of real 
interest on the capital of the soil, I must altogether deny that 
our farms (with perhaps a few exceptions), can properly be said 
to be in a satis&ctory state of culture. But we have by excel- 
lent tillage and a peculiar method of manuring, put them in a 
condition to make the entire productive power of the soil avail- 
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able, and thus to ^ve immediately full crops. It is not, how- 
ever, the interest that we ol^tain in sucli crops, but the capital 
itself of the soil upon which we ai t; drawing. The more largely 
our system enables us to draw upon this capital, the sooner it 
will come to an end. The term 'culture* applied to such a 
proceeding is a misnomer. The peculiar method of manurin<T 
alluded to consists merely in our endeavouring to feed the soil 
of our fields with the largest pos,^ible supply of azotised matter. 
Now, ammonia and the other Jizotised compounds may no doubt 
be looked upon as excellent agents to stir up the hidden and 
duQibering forces of the soiL But after all, these agents may 
be regarded somewhat in the light of a banker, who kindly ex- 
changes the pound we have to spend for thirteen shillings ; and 
then we can spend the change fast enough. This account.s for 
the large party amongst us who love and cherish the obliging 
banker. 

This is the great difference between European and Japanese 
culture. The former is simply a delusion^ -which will be detected 
sooner or later. Japanese cultivation* on the other hand, is 
actual and genuine ; the produce of the land represents indeed 
the interest of the capital of the soil's productive power. As 
the Japanese knows that he has t9 live upon that interest, his 
first care is devoted to keeping the capital intact He only takes 
away from his soil with one hand, if be can make up the loss 
with the other ; and he never takes more than he can return. 
He never endeavours to force the production by large supplies 
oi tizutised matters. 

The fields hi Japan do not, therefore, as ageneral rule, present 
that luxuriant a^ipect whicli gratifies our siglit occa.sioualIy at 
home. There are no impenetrable forests of straw from six to 
eight feet high, to be seen, nor turnips weighing 100 lbs., with 
9y lbs. of water in them. There is nothing extravagant in the 
sight of Japanese crops. But iihat (lisfinguuihea them most 
favourably as compared to ours is their certainty and vni-' 
formity for tlvousands of years. The real produce of land 
can be calculated only by tAe average crops of a long number 
of years. 

If additional proof were needed to show that the state of cul- 
tivation is very superior, aad that the land yields abundant 



Digitized by Google 



APPEin>IX o. 



produce, I wotild point to the fact that the Japanese empire, 
which covers an area eimilar to Great Britain and Ireland, and 

of which one-half at the Tn*)st, from the hilly naturr of the 
country, can I n - looked upon tit for tillage, not only contains 
a larger nuuilK i <j1 inhabitants than ( ireat Britain -rmd Irchuid, 
but maintains them without any supply of food from other parts. 
Whilst (jreat Biitani is com})elled to import corn from other 
countries, to the extent of many milliona per annum, Japan 
Binee the o})ening of its ports actually exports no inconsiderable 
quantities of food. 

SECTION U. 

TILLAGE or THE SOIL. 

Deep ooltiYatioin of the soil has become a kind of proverb 
with our modem writers on agriculture; and the principle of 
the system is, at leasts fully admitted on all hands, the only 
objection oocMiooally latsed against it being that it requires a 
large supply of manure. But the most enthusiastic admirer of 
the system in Europe can hardly conceive how uniTersally and 
in what high perfection it is carried on in Japan. 

The Japanese husbandman has come to treat Ids field as a 
plastic material, to be turned to account in any way or form he 
pleases, just as a tailor may cut out of a piece of doth cloaks^ 
coats, trowsers, or vests, and occasionally makes the one out 
of the other. To-day we find a plot of groond covered with 
a wheat-crop; in eight days the wheat is reaped, and one 
half of the held is transformed into a swamp thoroughly satu- 
rated with water, in whieh the farmer, sinking up to his knees, 
is busy planting rice, whilst the otlier half is a broad and dry 
plot, raised 2 or 2^ feet above the ricu «wamp, and ready to 
receive cotton, or sweet potatoes, or buckwheat. It often 
happens also that a square plot in the centre is turned into a 
dry bed, surrounded by a broad rice swamp ; and as the water 
must cover the surface of the latter only sliijhtly, the levelling 
must have been effected with great care, and with the use of 
instruments. 

The whole of this work has been done by the farmer and his 
small family in a very short time. That it could be aocom- 
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pliebed in so short a time is a proof of the great depth of the 
loose arahle aoil, even after a harvest; and that the farmer 
could venture to do so without troubling himself about the 
next crop, is a sii^u of the abound lag wealth of the soil in 
mineral constituents. It is only wlien great depth of the loose 
arable soil is combined with a plentiful store of nuneral con- 
stituent ^ that deep tillage of tlie ground can truly be resorted 
to. The description liere given is not a mere fiction or creation 
of the imagination, but a faithful statement of facta such as I 
have had occasion to witues-s by the hundred. Considering that 
rice requires at legist fioni 1 to 1^ feet of ctiltivated soil, and 
adding to this half the height of the raised bed, vis. 1 to 1 ^ feet^ 
this gives a cultivated depth of arable Hoil of from 2 to 3 feet. 

This system of working the land at pleasure either as a 
raised dry plot or as a swamp, is indeed, at present, in Japan, 
simply a proof of the exiUenee of deep tillage ; hnt it is clearly 
evident that it must have heen, at one time, also, the meofM of 
effecting it If we are always to wait until we have collected a 
snffident excess of manure (at the best hut a very relative 
term), before proceeding to deepen the arahle crust of our land, 
we may certainly predict that the system will hut vety rarely 
make any progress with us. Everybody knows that one cannot 
learn to swim without going into the water. 

The introduction and constant progress of the system of deep 
tillage has been powerfully assisted in Japan by the practice 
pursued from time immemorial of growing all crops in drillq. 
With the advantage of this method we have also long been 
familiar. Among the favourable features presented by the 
cultivation of root crops, our books of agriculture always place 
in a pKnuiiitnt rank the fact that it enables the farmer to 
deepen the arable soil of his land. All our gardeners, at least, 
have long ago fulopted it. 

I was not fully awiue of the true importance of the method 
of growing crops in drills, until I had occasion to see it carried 
out t«> the fullest extent in Japan. We, in Europe, are as yet 
far from having ad(>pted this plan as an essential part of our 
system of husbandry ; we look upon the question still in a very 
one-^ided poitit of view, only in reference to the individual 
crop whdck we fviah to grow* But the Japanese &rmer has 
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raised it to the rank of a system, by wliirli he hm fully eman- 
cipated himself from the necessity of paying, as we are com- 
pelled to do, the leiist regard to the rotjition of crops. By its 
means he has truly become master of Lis laud. He has not 
only succeeded in growing crops at the same time which used 
to follow each otlier, but he has carried to the highest perfec- 
tion the principle of mixed cultivation, which b^ins now to 
find ia?oiir also with our European farmers : he hasy in this 
respect, put an end to our confused and bap-hazard way of 
mmng crops on the same field, having by the adoption of the 
method of drill planting, brought order and regularity into the 
system. The following deacription of the Japanese system 
may serve by way of illustration. 

We have a Japanese field before us, in the middle of October, 
with nothing but buckwheat upon it The buckwheat is planted 
in rows, 24 to 26 inches apart ; the intervening, now vacant, 
space had been sown in spring with small white turnip- 
radishes, which have already been gathered. These intervening 
vacant spaces are now tilled with the hoe to the greatest depth 
attainable by the implement. A portion of the fresh earth is 
raked from the niiddh^ up to the buckwlieat, wliich is now in 
full liowcr : a fuiTDW is thus' formed in the middle, iu which 
rape is sown, or the '^n'}' wint* r pea, the seed being manured in 
the manner already deserihed, and stunl and manure aften^'ards 
covered with a layer of earth. By the time the rape or the 
peas have -^rown (»ne to two inches hicfh, the buckwheat is rij)e 
for cutting. A few days after the rows iu which it stood are 
dug up, cleared, and sown with wheat or winter turnips. Thus 
crop follows crop the whole year through. The natiu^e of the 
preceding crop is a matter of indifference, the selection of the 
succeeding one being determined by the store of manure, the 
season, and the requirements of the farm. If there is a defi- 
ciency of manure, the intervening rows are allowed to lie fiedlow, 
until a sufficient quantity has been collected for them. 

This system, as a whole, has also this great advantage^ that 
the manure may be used at all times, and need never lie idle 
as a dead capital bearing no interest; and moreover, perhaps^ 
the most important point of all is that a direct ratio is thereby 
secured between the power of the soil, as shown in the crops, 
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and the stock of manure on hand, a ratio not di8turl)erl liere by 
artificial means or by any * toitr de forced Expressed m other 
wordn, the income and expenditure of the soil are always kept 
evenly balanced. 

I have seen this system carried out to the fullest attainable 
degree in the vicinity of large towns, such as Jeddo, also in 
particularly fertile Talleys, and on fields bordering on the great 
highways. Here crop succeeded crop» manure followed manure. 
Here the plot of ground produced much more than could be 
consumed on it; but the great city and the privies on the high- 
road returned a supply of manure to batonce tiie export of 
produce. 

I have« howerer, also had occasion to yisit £urm8 situated on 
some hilly part far away from the high road, and only recently 
reclaimed and cultivated. As the Japanese &rmer, as a general 
rule, prefers the valleys to the hilly ground, the supply of manure 
here is more restricted and more difficult, and any addition to it 
from towns or by travellers is almost altogether out of the ques* 
tion. Here I found occasionally only one crop on the ground ; yet 
the rows were so wide asunder that another crop would have 
found ample space between them. With this system it is at 
least possible to till properly and repeatedly the intervening 
spacoH, which are iutended to receive the next crop ; besides 
the constant supply of fresh earth to the present crop, by raking, 
places a larger store of soil at the disposal of the latter than 
could be done in any other way. In this* manner only the one- 
half of the field (corrt >pnading to the limited supply of manure) 
is actually made to produce ; but the system of planting the 
crop in drills wide asunder always gives a much more abundant 
return than could possibly be obtained, if the one-half of the 
field as a continuous plot were completely so^v^l, the other half 
being allowed to lie fallow. As the home production of manure 
or the importation of it from other parts, increases, tlie farmer 
proceeds to fill part also of the vacant rows, which thus leaves 
on^ the third or fourth part of the field £Ulow, until, at last, 
every row is made to produce crops. 

How wide the difference between this system and ourst 
When we break up and till a plot of ground, we b^^in by 
estnctax^ from it three or four harvests, without bestowing a 
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particle of manure, and apply manure only when the soil is 
exhausted. The Japanew huabamdm" n npver breaks up a plot 
of Uvnd, unless he potseues a omall stock of manure, which he 
may invest in the ground; and even then he only caltivates tbia 
new plot to the extent his supply of manure will permit, This 
rational proceeding ihowi the deepest insight into the natare ol 
the system of agricoltare to be punned witii a xeasonable pio»« 
pect of seonring a constant sucoesrion of remimerative eiops. 
No other illnstration can so ciearly show the difference between 
our European way of viewing the matter and the Japanese^ 
We, in Europe, cut down the trees on a forest plot^ sdl the 
timber, grub up, plough and till the ground, and then proceed 
to dispose of the producCiTe power of the new soil, in three 
cereal crops, obtained without the least supply of manure ; or 
we may possibly assist in aoeeleiating the ezhanstion of the 
ground by a smidl dose of guano. All that this course of pro- 
ceeding is calculated to accomplish is, that we have now to 
distribute the manure bithert<o pr(i(luced on our estate over a 
somewhat more extended surfaee than formerly. "^Mien the 
Japauene Im.sbandman breaks up a plot of gruuiid, he tindij a 
virgin soil, the priHluctive power of which be has not the least 
intention of impairing. He therefore, from the very outset, 
takes care to <vstabli.sh a j)roper balance between crop and 
manure, expenditure niid income, maintjxinin<r thus intact the 
productive power ot I lie ;^^round, which is all that can reasonably 
be attenipt<Ml ])y any rational buBbandman (^AnnaL der 
Freuss. Laudwirthschaft,' January, 1862). 



APPENDIX H (page 247). 

We would earnestly recommend all inquiring traTeUerB in 
other parts of the worlds to endeavour to ascertain, above all 
things^ what are the proportions of the annual produce of the 
various cereals and cultivated plants raised in a oontinned sue- 
cession of crops on unmanured soil of different kinds in the 
same place, and under the dimatie influences of widely dtflfSarhig 
degrees of latitude. In so iar as the author has been able to 
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obtain reliable information on the matter^from various countries, 
more especially from the torrid zone, a careful examination of 
the fiustB ascertained would appear to refute everywhere the old 
wide-spread error that a very fruitful soil, imder &YOiirable 
climatic conditions, in the tropics for instance, will continue in- 
exhaiuttible, even without feceiving back &om the hand of man 
the mineral matters removed in the crops. Even m the most 
enchanting Umds of the tropioal sone, on tbe most fruitful yol- 
canio earth, such as is found in the old oountzy of the Incas, 
the tablehmd of Quito, Imfaabnra, Biobamba» Guenca, a 
long-oontmued succeBsion of crops drained the scnl wherever it 
was impiaotloable to convey to the fields by artificial irrigation 
the mud carried down hy the torrents of the Andes. In those 
regions water, aided hy the wide<«pread old volcauio mud 
streams (Lodoaales), plays the ytai, which guano and fiurm-yaid 
manure do elsewhere, of restoring to the soil the mineral con- 
stituents removed by a continued succession of crops. In most 
of the provinces of Persia, more especially in Aserfoeidschan and 
in H '^i c-dt portion of Armenia and Asia Minor, the irrigation 
cautnls everjwliere met with serve the purpose, nut so much of 
moistening the fjround, as of convoying tu the land in the 
valleys the mmeral detritus washed from the mountains at the 
time of the melting of the buow. Tbi^ method of artificial 
manuring by irrif^ation is rmuinonly applied also in those 
countries where there is ii.) hick of rain and dew. It subserves 
the .same purpose as the mud of the Nile in Egypt, viz. to 
replace the action of farm-yard manure. Where the mineral 
constituents removed by a lonp: euccession of crops are not 
restored to the ground either by animal manure, or by irriffation, 
the soil is almost completely drained of its productive powers, 
as is the case, for instance, in certain parts of the extensive 
table-lands of Tacunga and Ambato (in the South-American 
State Ecuador), where barley will often barely give a two or 
threefold return, notwithstanding the frequent alternations of 
rain and sunshine. From the most reliable information ob- 
tained by me, even the most fertile estates in San Salvador and 
Chiriqui, in Cential America, with tiieir most firuitAil, loose, tra* 
ehytic soil, abounding in potash and silica, cannot show a single 
field on which maiae has been grown for thirty years rumung 
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without a conf?!deraV>lo rednctioii of ])rodnce — a fact wliicb 
Buflicu'iitly rtftutes the oid mistukeu notion of the inexhaustible 
fertility of the soil in the tropics. 

On the western coast of Peru only those parts £ire extremely 
■terile, where no little artificial canals convey to the dry soil the' 
water from the torrents of the Ande:^, which carries with it the 
mineral detritus washed from the declivities of the mount€un& 
Wbereyer such artitidal canals exist, and the conditions of the 
ground are favourable, the soil on the coast as well as in the 
interior of Peru and Bolivia is almost as prodactive as in the 
interior of the highlands of Ecuador^ New Granada, and Guate- 
mala. Bat it is not the water which is the agent in maintaining 
the steady produetiTeness of the soil* but» as in the ease of 
the Delta of the Nile in Egypt» it is the mud carried along 
with the water, and which has been washed away from the die* 
integrated rodcs of the Andes. The constituents of this mineral 
detritus, which are partly contained in the water in a state of 
minute mechanical division, and partly held in chemical solu- 
tion, are brou^t to the fields by small channels* The water 
thus conveyed from the mountains in innumerable furrows is 
soon absorbed by the soil or evaporated, leaving a rich fertilisinpr 
dopogit behind. Pure rain water would be of very little avail, 
as, t r instance, in the extensive tableland of Tacungar, with its 
barren pnniice .stone fields, where (piite near the equator rain 
puurn down ahno^t J.iilj, dnrinif nine :ai uths of the year. It ia 
not the atmosphcrie watt^r that acLs jus the fertiliijiug agent, but 
the muddy streamlets from tlie And<'s. In Peru the fertilising 
action of fj^uano is more enduring than in Kn^dand, becanse the 
potaKh which the guano does not restore to the soil, is there 
f!iil*filied in the detritus from tlie traehytic constitinmtH of the 
Ah(1< s ridge, which abound in felspar. This natural mineral 
manure is of the game hijj^h value in the iSouth American lands 
of the Andes chain as the fertile //o>s«, accumulated by the great 
flood in past ages at the foot of the Bavarian and Swiss Alps. 
It is a fact full of meaning that the inhabitants of those parts 
of America should have arrived at the same simple means of 
restoring to the land the mineral constituents carried away hj 
the crops, which are at the present day generally resorted to 
also under similar favourable conditions of the ground in the 
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mountainous regions of Asia Minor, Armenia, Grusia, Western 
Pecsiay as well as in the north of ^Tesopotamia (Mossul), and, if 
I mistake not, in Thibet also. The waters of the rivers Kur, 
Anzes, Eu^tirates and Tigris, are in spring just as turbid and 
aa much impregnated with mud, which simply means earthy 
particles, as the Nile^ and as the East Persian river Herirud, 
which it i» well known is altogether absorbed up in fields and 
gardens. The experience of ages past has no doubt taught the 
inhabitants of these ancient countries, in both heuuspheres, this 
way of restoring to their fields the incombustible constituents 
removed from them in the produce carried away to the large 
towns (Professor Dr« Morita Wagner ; see Supplement to * Augsb. 
Allg. Zeitung/ No. 36, February 5, and No. 173, June 22, 
1362> 



APPENDIX I (page 34 1> 
AKALTBia or CLOVER HADB ST DB. HNCUS. 

100 parts of aiz^^ed clover contained, — 



l>n>toiii ■otwtaaoai 
U^drutie of omrbon 



Unuuuiurod 



Xmmd ivICh 



MiTH-rjJ OOlMHtaSBte . 



TotiiJ qurvntfty of nntri- ' 

tivi- fiUli-tiUK*9 . I 4.1-1. 'i «0-7;< 
PiTi)>ortioii of \X\f pro- | 



l.'iOT 

ii-i<; 



1. '.•(»■ 

ITM) 14-701 11-4S 
ie*w M*S« 



i'?*-H.-, ;):>'.|T| I.'-.'.S 
{^■%> l<t-;) 



100-iX 



o 

E 



rji'.' 

7-4T 



7!U 



llunndiviUi 

■Dlpiwtoof llBW 



1 1 -S.'i 

;iS'7.'i 



427.'. 
1 : '»-4fi 



tn-7'» 
i:>-7." 
1 1 4:- 
■.'K'74 



2 

o 



2<>-.'.7 
4:/-7K 



]|)0M>1»; 



I:l-23lli2^1:l'«i 



c 
■3. 

e 

a 



1 1 ■*)() 

-'Mi 
17-4.% 



1 00-00 
Mil 



Digitized by Google 



406 AFPEin)IX I. 

Ash CosamuKTM. 



IDQ parts of ash contained, — 
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407 
1097 

43-77 
3-37 

23-72 
6-77 
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The remarkable investigations by Dr. Grouven of the Clover 
disease deserve also a place here. 

The so-called * clover disease ' manifests itself in the clover 
plant, at the period of flowering, by the appearance of a multi- 
tude of brown spots of cryptogamic plants covering stems and 
leaves. The result of the affection is not simply a failure of 
the clover crop, but the produce reaped is unwholesome for 
cattle. 

In his examination of the diseased clover, Grouven compared 
the organic and the ash constituents of the diseased with those 
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of the healthy plant. Both the healthy and the diseased clover 
were produced from a mixture of seeds of red clover, lucerne, 
and esparsette, such as is usually grown at Salzmunde, where 
the experiments were made. The samples for examination and 
analysis were taken from the field on August 12. The analysis 
of the healthy plant was confined to the determination of the 
organic substances and the amount of ash. 

100 parts of air-dried clover-hay contained, — 
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The composition of the ash of the diseased clover was com- 
pared with that of the ash of red clover (Wolff) and esparsette 
(Way).f The ashes were calculated after deduction of carbonic 
acid, sand, clay, and sesquioxide of iron. 
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Grouven is led to conclude from the result of his examination 



* Subst.'inces convertiblo into sugar by snlphuric acid, 
t With fLl of ash and 0-184 of protein snbstancfs. 
I Compare also the procediug uuolysLs hy Dr. Piucus. 
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that the primary caiiae of the clover disease is attributable to a 
change in the chemical composition of the plant, which again is 
caused by an altered condition of the soiL The very consider- 
able deficiency of phosphoric acid and potash in the ash of the 
diseased plant is certainly remarkable (* Zeitschrift der land- 
wirthschaftlichen Central vereins der Provinz Sachsen, 1861,* 
page 73}. 
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effects the distnbiition of potash 

and magnesia in i>oil5, 317 

HORSE-CHF^TNUT, analysis of ash 
of leaves of, aM 
Human excrements, value of, as manure, 
illustrated at Rastadt, 272 



Human excretnentsi, price of, 222 

not iiyur**d by deodorising by 

sulphate of iron, 



IGNORANT practical men, 2i2 
Iodine, different amount in different 

plants, lis 
Iron nect jistvi^- for plants, fi2 
Irrigation, mineral matters supplied in, 

402 

— water, suspended mud of^ most va- 
luable, 103 



JAPANESE husbandry, SSI 
dispenses with cattle feeding, 

2M 

— soil, 3M 

— eiipiily of manure. 390 

— mode of construe ting privies, 321 

— mode of preparing excrements and 
compost for application in field, 302 

— system of manuring, only one of 
top-dressing, 

— system of planting in rows, 394. 
Sflfl 

— husbandly compared with European, 

396 

— tillage of the soil. 325 

— succession of plants illustrated, 400 
Jerusalem artichokes, effect of the cul- 
tivation of, on arable soil, 222 



KNOP, expf-rimf^nts of, on prowth of 
plants iu i»olutiou« of their food, 373 
Eolbe, formation of nitroiis acid, 32Z 
Kotit2, unmanured field produce from, 
190 

Kroker, estimation of nitrogen in soils, 
31ifi 

— analysis of drainage water, 3fil 
Kuhlmsnn, experiments with salts of 
ammonia, 804, X\(i 

sea salt, .IM 

lime, Jilxii 



LARGE crops indicate the available 
condition of the mineral food, 194 

depend on the closeness of the 

nutritive substances in the soil (fi- 
gure), LQ/I 
Lawes and Gilbert on clover sickness, 
162 

reason of the failure of the ex- 
periments of, IfiO 

Leaves, principal conditions for the for- 
mation of, 2M. 
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LEA 

LcaroB. rpmoval of, from turnips, 22 
Lime altt'i> the condition of tiie soil, 

— beneficial f ffect of, &3 

— experiments with, 3^ 

— action of, on soils, fil 

— — — on a draine«i marsliy soil, 8i 

— water, effect of arable soils on, Ml 
Lysimetcr waters, 82 

analysis of^ 363 



MAGNESIA, dispersed in soils by the 
agency of gypsum, 347 

— influence of, on the formation of 
nitrogenous compounds in seeds, 2M 

— necessary to plants, 257 

Maize, growth of, in solutions of its 
food, 525 

— in flower, produces seeds if placed 
in water, ^ 

Manure, nature of, L83 

— and tillage, ]21 

— change in the classification of, SfiS 
Manure, beneficial action of, in restoring 

the relative proportions of mineral 
matters in soils, 122 

— excessive use of, gives no advantage, 

m 

— reason of decreajnng value o^ by 
system of rutatioo. 230 

— nitrogen, classification of, 2M 

— aetton of, not always proportional to 
quantify used, 215 

Manured land, produce o^ in Saxon 

experiments,, 2Q& 
Marine plants, power of selection of 

food in roots of, 62 
Matricaria eliamnmilla, ash of, 21j5 
Mausegaiit, uumauured liuid, produce 

from, IM 

Mayer, experiTneiits on soils with 

caustic aJiwulic-s, Iil2 
Meadow grass, effect of sea^salt on, 

Metals found in plants, 66^ 51 
Mineral matters, absorption of, by soils, 

to be restored, vary in different 

soils, 2^ 

restored by iarm-yard manure, 

227 

lost in crops in the Saxon ex- 

periments, 222 

— — restoration of all, necessary, 213 
Minimum, law of, 213i 21& 
Monocarpous plants, have distinct pe- 
riods of growth, 2A 

Moss water, aoal^'sii* of, 372 



NUT 

NAEGELI, experiments on nutrition 
of plants, lilfi 
Nile, valley of, reason of its permanent 
fertility, 

Nitrate of ammonia, formation of, 322 

Nitrate of soda, 331 

action o(, on earthy phos- 
phates, 29 

— experiments on cereals with, 

by Bavarian Society, 23fi 

Nitric acid in rain water, 2a9 

Nitrogen classification of manures, 224 

— esteemed chief agent in manures, 
223 

— indefinite idea of, in manures, ^94 

— assimilable and sparingly assimi- 
lable, 2M 

— amount of in soils, 2M 

— amount of, in different layers of 
soils illustrated in Russian black soil 
and in Caen soil, 311 

— cause of the inactivity of the great 
mass of, in soils, 319 

— most abundant in the upper ten 
inches of soilf, 311 

— in soils and farm-yard manure com- 
pared OS to effect, 31 

— profit and loss of, in the Saxon ex- 
periments, 221 

Nitrogen compounds, function of, in 

seeds, IS 
in annuals, 15 

— — in pen unials, 12 

in soils bear no ratio to their 

productive powers, .'106 
BUppy.Hi J different forms of, in 

soils as operative and inoperative, 

307, 3flfl 

in soils not distinguished by ac- 
tion of alkalies, 312 

in fnrrn-yanl manure only partly 

separable by distillatiou with alkalies, 

n& 

in manures and soils, different 

effects of, on what dependent, 31fi 
Nitrogenous food, experiments on the 

growth of plants without, 13 
removed in crops is more than 

fully restored by rain, 2fi2 
restored to soils by fodder plants, 

32S 

Nitrogenous manures not always the 

most efl[icaciouB, 2M 
effects of, not proportional to the 

nitrogen pres<'nt, 3113 

first effect of, 331 

when required, 

Nutritive substances, closeness of in 

soils (figure), IM 



r • -d by Google 



414 



HUT 



RTS 



Nutritire substance*, proper rdatiTe 

proportions of, 121 
maximum and minimum ol, in 

Boila, m 

^ — minimum of^ regulate the crop, 

211 . , 
effect of the absorption of, in the 

upper layen of the soil, Ihl 



OAT, food of, derived from arable aoil 
(figure). 2M 

— and turnip compared, 32 

— sevoral stages of growth of, 35 
Oberbobritzsch, unmanured fiold, pro- 
duce from, L3Q 

Oberschuna, unmanured field, produce 

from. ISQ 

Organic matter in manure does not ar- 
rest exhaustion, IM. 

incorponition of in soils improves 

thoir physical condition, 84 

Osmosis, laws o£, 01 



J)ALMS, starch in stems of, 

Peas and barley plant, growth of com- 
pared, 154 

Pfrennial plant, mode of growth of, 13 

PeruTian guano, composition of, 2M 

and ash constituents of seeds, 

difference of, 242 

effect of, due to the presence of 

oxalic acid, 2fifl 

moistened with sulphuric acid 

made more quickly available, 260 

Phospbatd of lime, diffusion of in soil, 

Phosphoric acid and nitrogen, propor- 
tion between in oats and turnips, 3fl 
Pierre, analysis of soil bv, 311 
PincuR, fxporimcnta on clover with gyp- 

BUM, iH! 

Pknts, annual, biennial, and perennial, 
vitiil prop<^rties compared, 13 

— ttimuul, mode of growth of, IZ 

leafy, mode of growth of, 2& 

biennial, mode of pmwth of, IS 

— perenniiU, mode of growth of, 14, 2fi 
growth of, without nitrogeneoua 

food, 13 

— growth of in turf, liifi 
in solutions of their food, IQ2. 

— underground organs of, 12, li 

— rich in starch, sugar, and gum, con- 
tain much potash in their ash, 21 

»tore up food in certain organs for 

future use, 2fi 
Pools, analysis of stagnant water of, fi£ 



Potash in soils, not always available, 
21fl 

— necessary for vegetation, 251 
Potato, constituents of. 2114 

— draws its principal cunstiUienta from 
the arable surface soil. 2M 

— effect of the cultivation of, on arable 
soil, 222 

Poudrette, nature of, 211 
Practical men, 24fi 
- — their teaching and practice often 
opposed to each other, 333 
Protoplastem of wheat plants, propor- 
tion between nitrop'noua and non- 
nitrogcnuub i>ub:>tauct:i« in, II 



RADICATION of plants, & 
importance of a know- 
ledge of, 11 
Rape-cake, it* composition, 282 

more diflusiblo in tioils than 

guano, 2R3 

its fertilising action illustrated in 

the Saxon experiment*. 2fi3 
RuHtadt, soldiers' food and excrements, 
222 

R^'storation, law of, properly interpreted, 
2M 

Rhenish Bavaria, exhaustion of soil of, 
245 

River waters, analyses of, 321 

Roots, absorption of mineral matters by, 

— abwrption of food by, not an osmotic 
proc<'«s, 53 

— do not offer permanent resistance to 
the chemical action of salts, 6& 

— inifwrtance of their developement in 
cereals, 31 

mode in which thej absorb food, 

inn 

— length of, 11 

— power of selection of food in, 61, 

- principal conditions for the formation 
o^ 234 

— spn-nd in search of food. 85 
Rotntion, succession of crops in, do- 

jK'nflt nt on the cereals, 2M 

— system of, does not ultimately in- 
crea.'«' com crops, 241. 

— geuin-al resultij obtained in the Saxon 
experiments by, 285 

Rye, cultivation of, instead of wheat, 
HhowB deterioration of soil, 215 

— soil, 115 

conversion of, into wheat soil, 

123 
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SAN 

CJANDY soil, productive power of, H9 
O — — and louiu couipart-d, 140 
Sap, Hales' ezperimenta on the motion 
of. 369 

Saxon experimenta with lime, ZbQ. 

on unmanured land, IM 

with ikrm-yard manure, 208. 2IB 

with bone-earth, 22S 

with rape-cake, 2&2 

profit and loss of nitrogen in the 

soil, 2M 

Schattennuum's experiments with salts 

of ammonia, 2S1 
Schmid, on nitrogen in Rossiaa black 

so il, m 

Schonbein, nitrite of ammonia in 
oxidation and combustion discovered 

Sea-salt, experiments with, by Kuhl- 
mann, 3^ 

with cereals, experiments by Ba- 
varian w>cioty, 33fi 

Sef'd.*, frrrmiiKition and prowth of, 3 

— condilious for tLc funuutiou of, 19 

— effect of mineral matter on the growth 
of, li 

— functions of nitrogenous matter of^ 

— importaiice of good, 1 

— selection of, 8 

Silicates, eifcct of organic matter in 

soils, in the diffusion of, 80 
Siliceous plants, removed by drainage, 

ai 

Silicic acid, deficiency or excess in soils 

injurious, 81 

excess o^ how remedied, 82 

distribution of, promoted by 

prowth of grass, 80 
Soil and subsoil, fii 

— when fertile, fia 

— chemical analysis of, no guide to its 
productive power, 114 

— exhausted, how restored to fertility, 
Z3 

— estimation of substances physically 
combined in, US 

— for wheat, rye, and oats, 115. 121 

— differciil luj ors of^ contain food fur . 
different plants, 

— change prodticed by cereals in, 22fi 

— composition of, rcijlort-d by fodder 
plants, 222 

— distillation of, with alkiilies, 313 

— from lK>gs and ditches, fertilising 

effect of, aa 

— exhaustion of, in Rhenish Bavaria, 
245 

— food in, not inexhaustible, 244. 
247 



TOB 

Soil, fertility o^ not due to its nitrogen, 
305 

— importance of improving the physical 
condition of, USt 

— mineral niatteirB ci, lost in com and 
cattle sold, 228 

— nutritive power ot, estimated by 
amount of food physically combined, 
71 

— productive power of, estimated by 
the available nitrogen in form of am- 
monia and nitric acid, 307 

— progress of exhaustion of, Ifil 

— production of com and straw in, 
during the progress of exliaustion, 
172 

— restoration of productive power to, 
requires nitrogenous well us mine- 
ral food, 328 

— restoration of nitrofrenous food to, 
efffcled by fodder pluuLs, iLiii 

— permeability of^ to manures, 223 

— pro<luctive power of, 125 

— proper relation between food ele- 
ments in for fertility, 122 

— upper layers of, retain the dung 
constituents, ^^ft 

— saturated with mineral matter, ma- 
Dtirinc with, 143 

— absorptive power of, fil 
effects chemical decompo- 
sition, df) 

knowledge of, valuable, 225 

for potash, 124 

— for ammonia increased by 

organic matter, L41 
— for phosphates of lime and 

magnesia, 13fi 

for silicic acid, 138 

Starch in stems of palms, 357 
Stohmann, experiments on the growth 

of plants in solutions of t heir food, 380 
Straw, formation of, 199, 211^ 
Subsoil, accumulation of organic matter 

in, injuriouB to deep-rootin^r plants, 83 

— periwl of cxhuu-stiuu of, 230 

— mineral matter of, supplied to sur- 
face mil by fodder plants, 227 

— not reached by luiuerai mutters of 
manures, 15fi 

Superphosphates, 276 

— experimtutii with, 147 

TILLAGE, beneficial action of; 113 
Tobacco plant, mode of growth of, 

28 

quantity of albumen and nico- 
tine in, modified by treatment in 
growth, 31 
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TSC 

T^ohr'rno-c'^Tn. or black earth of Buanat 

uitrogt'U iu, 311 
Tuf ntniated with food of plantii ez- 

porimrnts witli, 107 
Tornips, growth of, 18 

. ^ ~ influiaeed Inr z«aMml of 
27 



UNMANUKED laad, eaq;>eiiment« ia 
StKony oo. 190 

prrniticr of, diBpaidnit oil pro* 
ceding crop, 191 

V Outer, abaorptkHi of aoUa Ibr am- 
inoni.i, 140 

— aiialjsi« of furm-jord manure, 145 

— oatuoation of ammoDia in fttfrn-yaid 
BBaiitn«^ 91ft 

WAX«NUT leaTet» analjna of ash oi^ 
866 

Water, drainage, Ijaimoter, riTer and 

marsh, analysis of, 96, 363 
~ in soihi, contains different quantities 

of nutritiTc matt« i>', 'JH 
Water, solvent action on aotla in 

lyiiimet^rtt, 366 
Way, aaaljnt of dxi^nnge water, S6S 



ZOE 

Weeds, can«r nf thdr prodnction, 234 
Wheat crop, truant ity of phosphoric acid 
and potash remold nom mil bj, aa 
conipariKi with rye crop, 119 

— effect of potaah on, 339 

— field, retardation of the f>ihaniilifla 
of. 17^ 

— growth of, 33, 41 

— produce of, from salta of amtnftniit, 
acronliii^ In" T^aw-'s :iii(l Gilbert, .122 

-— jproduce of, with supeiphoephate of 
lime, 147 

— Boil, 115 

— -~ eahauBtion oli 170 

Winter wheat, node of growth blf 3S 

effect of temperatura on, 94 

Wood,aah, m 

— — mixed with earth liar application, 

m 

r/KNKER, comparative experimenta 
£j with bone-earth and guano, 279 
Zinc in the aah of VioJa oaUminaria, 

67 

Zoeller, experiments on the vegetalioD 
of plants in toif, 106 

— mode of nii.ilysinfr foIN, 119 

— analysis of guanu by, 267 

^ mm ^ Ijnineter wnten 86ff 
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Oraia , Floar aad Bian , Brown Braad af tha eattrc ttonr 
preferable to Whitr Hread from bnltpd floor ; Hfe Bread ; 
Adullf rttiona of Hrrad, lllur Vitriol, Alum, Lime<waler, 
aboald !■>■ 'ivr 1 ui.Ua ( , l)jkin({. ^ raat prefrraMe to Carbo- 
nate of Kuda and MarMUc Acid; habatitalaa for Bread im 
tkmm afaMfd^ aM aMfeMMMlf JaaalMatoMlailaaa; 
TIm only traa ffala «««M to la aaat aiiat ia tkrowa a»ay 

on the Bran, aad tl>r (ilutea waated in atarrh maniif:<rtn. 
rie* , Suprrior digntibility of Hrrad from thr rntin M'^l, 
•r the PumperDickel uf We«t|>halia ; Tlie Culinary Art ta 
empirically far ad*aiiecd; Food for dilTrreBt Agea; Elfrcta 
of Vrfrtabie aad Aolmal Diet ; Talae of Wlm» , The abaaa 
of Spirit* not *o much the canae a* thr rffrct of Povaftf { 
Total- atiatatnrra rat rrry much more than wine-dnakaM ; 
C»ra of Tea, Coffrr, Chocolate. Ac , Tiirinr,or CilTriae, 
compared to Kreattnr and ^nelr of Urlatinr ; Minrral 
rlemeata ol Tea. Ac ; Price of Meat in yrara of BCUcilT, 
aad ot Bread ; Mea U*taf oa Meat mtiat aat a paat daal, 
aad take rioleat riarrtM ; Impoeuaca of Acncalwf* com- 
pared with HaotlBK hj an Indian Chief ; Scirnce taaehea 
tlir rmnnmy uf force ; Trodeecy of ru hrf to mequAlity of 
diitribatloa. and theaea to naiveraal eiiralatioa ; MoiMy, 
ia tba OTKaalam af tba Blala, comaarad ta tba Uaad c«r> 
paadaa la the body, hj tba clrcalatiiMi of which tha ehaafa 
of matter i« rlTrrtri. and lifr kept up. All bamaa artMaa, 
aa la pnifpl by at«ti*tic* of birtha, dratba, rrimeo, aad 
juatirr, arr aodrc atrict natural l.iw». True arirncr aacer- 
lam* tbeve lawa, aad trachea meB to ab*ert« thrm. 

LKTTBa .-CI.-Or(caole Life in tha Ocaan t Tlie Walar 
jieida Nea plaau all iMr ilMiali i Fnaction of tha Ml 
IB VrKttttion ; to Biralab tha Mlaaial rfamaata ta PlaaU; 

The !«oil >« rihnuatrd if the M>ncrala ramoeed be Ciapa 
are not rrat<ir>il br Animal manure*, bone, rarta, Aa ; 
Caoae* of tlie Ittiuriaat growth of Tropical PlaaU ; Paraa. 
nUI Flanta aikd Traaa require leaa Mineral food th<an 
Aanaal* ; Etplaaatioa at the EfTicta of Oioaitht oa tha 
loaar iaavaa of Plaota 
Lktt«b 34.— Acrrlcutture li both a Scienot and aii Art % 
It« ob rria; Eir>Hrla of faltowini, and of the Mrcbaniial 
< >j!. i vti i .» >if A|rrl< uUurr. 

LKTTBB3&.-liii|»rtan(>e of AUollM and Silica; Na- 
taral SUIeatra in Suil difficnH af dacampoaltimi ; la Fal- 
Iowa tb«Ma are decompnaed hj the actkm af tba Air ; QaM> 

limr rfTrrta the aame object ; Efftcta of borainK Clajr. 
LKn i;K an.— Mnnurea; Urlidn of Anitnal MannrM( 

Tti» Fi< ri ta cont»in» thr aail* of the Voo<l , tlic «ilublr are 
In !f » rrir:»\ I i iiiwduMt ID tlir llxir-j , 7 (.»■ - ,riir- ^ttlta 
(PlKMphatea.ftc.; from other aourrrs arr r«4u.<lly rHicaciuua ; 
Tbcon of liaaarea ; The trar Problem ia to raaloaa to tha 
Sail afl wa ramaea from It ; Tbe EtcreU of aa Animal M 
on my Crop moat be tl»r beat M*nu>e for that Crop , Not* 
i n tl I- Author * rxpenrni r aiid on Mineral Manun i 

AffKHDix.— Hiatoryot the boy with the Uolileii Toatlij 
Lrittt of Oaldro to Madama Chriatina, Urandurhraaa 
Madre J Cram'* aoluble Alumina; l^uae uf I'urrprral 
Keier la the LtIbh in Hoapttal at Vienna ; The Fleab af 
animal* tortured to drath danirrtma aa Food ; I^oeal CaV 



of Intermittent Frrrr ; Keportrd raar of HimnUnixiaa 
• ombuatiiin, Irlter* of Regrnaolt, I'dimi,-, and ("irlirron 
the aubiect; New EatimaUon of tlte QuaaUtT of BlotMl in 
Maa bf Blaahatf^ Bataaatiaa af tha Ibod caaaaaiid bf 
workiac mlaara at tha claaalad mina a at Oaa tal a aad 
Hanri* : A nrw anup for InraJida; aaaitbad Im lByra«iai| 
tlie ((aality of B'cid ; To baka Mai ftaM S|piHlM Onto | 
Lagtada aiir the Hhiaegaa. 



leodea i WALT01|_f^f|| 

MLLECC or AtmCILTMC 



MtUiifTY Of W^^rmmm^ 



Upper Gownr Bkrmlb, tnd Ivj 



Digitized by Google 



PUBLISHED BY WALTON AND MABEBLY. 



5 



Potter' 8 Physical Optics ; or^ th$ Nature and Properties of 

NewtKs Elements of Mechanics^ including Hydrostalics^ 

with Nameroiu Examples. Bjr Samucl Nsimi, M.A.. Felluw of XMmoitf OUtigt, London. 
Third Edition. Revised wd eulaiiged. Small 8to. 8s. 6d., cloth. 

Newth^s First Book of Natural Philosophy ; or^ an Tntro- 

doctkm to the Stodj of Statks* DyiuuBk», iirdrottatica Md Optki with nomeroui Eumtiles. Kew 
Edition. Ilaoi* aktatdaik. 

NeiMs Maihematkal Exampka: a Qraduaied Series of 

Eleincntary Examples In Arithmetic, JJ^lta^IiflgMttlinitWfOnoaatiy, aid ttmtitmn^ With 
An»wert. btuallSvo. to.6d. doch. 

8M dtn In Wsm JPkHb (pUkoia Auwen^ teparatefy-^ 

Arithmctk. 2s.6d. I INitoimnmotryn.^ ^-^IWrHi l U b ll . ffl . 

Aljtehra, Sk6d. I lleamki,ao.ad. 



VATUBAIi PHILOSOPHY, A8TBOHOH7, fito. 

Lardnet's Mueeum of Science and Art. Complete in Twdve 

SlBcleVolwiiei, 111- ocMBOBtilhottds. or 8U Doable Ones, ill la..dotliletterad. 



COXTKNTS. 



The Planets; are they InhaMted World*? Weather Prognostics. Fopolar Fallacies in Qnestlomcl 
rh)-skal Sdeooe. Latitudes and Longttndea. Lonar Infloencea. Meteoric atones and Shooting T 
Raflwagr Aoeidttiti. Ught. Coauaoa Things.— Air. Locomotian la the United Mttas. ~ 
InflwwcMi ComiBon Tningt.— Wter. The Potter's Art. Comnon TUngs.— Fire. Lmo 
Transport, tbe4r Inlitience and Progress. The Moon. Ooanaon Thlags.— The larth. The Electric 



Telegrapb. Temstrial Heat. The Smi. K ag tti qiMikee end VfllCMMMi. Bstvaeter, Bafety Lamp, 
ad WbltwoRli^ Iflcrometile Apparatoa. Steam. The Steam Kuglae. The £70. The Atmosphere. 
Time. Commen Things. —Pmnpe. Common ThinKS. — Spectacles— the Kaleidoscope. Goclis and 
Watches. Microscopic Drawine and Engraving. The Locomoth-c. Therm oim t. r. New Planets.— 
Leverricr and Adam's Planet Miifrnltnde and Minntenens. Common Thlntrs.—Thi' Alnmnaclt. Optical 
Imaia's. How to Observe the Honvciia. Coninion Things. —The Lof kii u' >ilass. Stellar Universe. 
Tlie llfles. Colour. Common TliinKB. — Man. MugniMnR (ilaists. lii-^tiiK t and Imellifrence. The 
Solar Mkroscojic.— The Camera Lucida. The Ma<ric Lantern. — The Camera Obacura. The Mi«.Tosco|)C. 
The White Ants. — llieir Manners and Habits. Tlie Surface (A the Earth, or First Notions of (ieo^raphy. 
Sw ii'iiec ;inil I'lK'try. Tlie Itee. Steam N'avi;jiitioii. Llectro-llotivc I'ower. Thunder, Lielitning, and 
the Aurora lios^ia. The Printing Pms. The Crust of the Earth. Comets. The Stereoscope. The 



Lardner's Animal Physics, or the Body and its Functions 

TmlBkilfWwiUtMiL tttlDnstratlons. 1 vol. small 8vo. 13s. Cd. cloth lettered. 

Coiimrnt— Qflsieral Views of the Animal Ornniaation, Booee and Liguients, Mnsslsa, Strae- 
tore of the Lower Animals, Merroos System, Clrenlation, Lnn^iatteB, BaqitaBtlon, 
Aoshnnatkm, Seeretton. the SUn, Animal Beat* Stneoa, Tondi, tedU Ttmb, ~ ' 
▼fliee, Derelopment, Miatority, Decline, Death. 

Lardner^s Animal Physiology for Schools, 

ttomoitoailona. lino. ai.M.«toai. 



Lardner's Band-Book of Natural Philosophy, 

I <Mieo. sti 

lUdHcat do. I Eleetricity, Magnetism, and 



Lardner's Hand-book of Astronomy. Second Edition, 

Berised and Edited by Bdwiv Dcksim, F.B.A.8., of the Royal Obsenratory, Greenwich. Zi Plates 
and SOO Engrerlnga In Wood. Complete in One Volome. Small 8vo. 7b. 6d. 

Lardner's Natural Philosophy for Schoole. 328 lUmtra^ 

ThMKdltion. lvQL,lM|e ISao. ao.6d.,cMh. 
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OATALOGUS OIT WOBSS 



Gkmcay of Scientific Terms far General Use* By 

Am4in>BB Hkkkt, M.D. Small 8to, 3*. 6d. 

Pietarial lUmiratUme of Science and Art With ExpUma* 

tMj IMm. A Cotleetlan of Iwge Pifatad Sbaeto, each appropriated to a particiitar SBlt)flc|i» ani 
eoQtainhiK fhim 50 to 100 Enaraved FlrnrM. Complete. Nina Slteetal<aldadliis«o«er,4a.M.; 
alaoln Tarts .A U. r„!.,cacb routalnintf Thrve SbHii. Tba tfM «f tt« 8teil il V M ' 

Any Slii-ot m^y In; purvhaatd separately, price 6d. 



Part I. It. fid. 
1. Mechanic I'owers. 
S. Madilnory. 
3. Watcb and Clock Work. 



I'drt II. \n. (Kt. 
4. I'.Irnicut.H (if ihixbiumxj. 
y Mutl ui und Korea. 
6. Steaia Englna. 



Part nr. 

t. Hj-droKtatlca. 

8. Ilydranlica. 

9. I'lioumatica. 



JLiinlners Popular (rrnl^gy, 

botmce and Art.") Uluatratioiis. 3s. 6d. 

Lardner* s Common Tlungs Explained. 

Cf*nt!\lnin|» : Air — Earth — Fire — Water I nne— Ihe Alniannck— I'links and Watchea— Si^ioctn<li's 
— C' lMur— KaloUloBcope — Pumpa— Mwn— I fif Kvi* — The l»niiiiii- I'l i-ss— The Potter's Art—I.fK-o- 
xnotioa and Xrauapart — The Surface or the Earth, or Ktr«t Kotious of Oaaf(raphf. CI:'n>°^ ^ 
**MliaMUiof SdaMtand Art") With 233 niiutrations. Comiilete,t^dMhlMHMd. 

Sold uJmo m Two Series, 2$. Gd. «ac*. 

■ 

Lardner's Poptdar Physics. Containing: Magnitude and 

Mtutttcnm Atmoapherc- Thunder and Lightning— Terrestrial' H(fat—MeteiMlc Stouea— Popular 
fWUadaa— WmUnt Profpioictk^— niermotiietar—Bartm^ar— Safety I^mp—Whltw^^ Mlcr^ 

ArJ^Twith 84 mnstnitlonfc liu6d^cloliikMwa«f^^' 

lAirdner^s Poptdar Astronomy, Containing: How to 

Otaerr* tb« Haftvon*— Lalftadea and Lopgttudee n m Bartit— Tba Son-^The Moon— TIm FbiMti: 
ai« fhqr UbablMr— TIm Rcir Raii«<i->liererrier and Adauui* Plaait— Tka TU«a— tawr 
Influence — and ttM SiiBar UMi w a< LliJll— Co m a l a Cometary Intlaencea—EdlpscA— Terra- 
trial Kotatlon— Lnaar RoCatioD~-A«tronomtcat Tnitnimenla. ( Profn tlie ** Moaofua of SGteaoa and 
Aft.") Its ntaitatfou. Complete, 4^. r.d., cloth U ttcnnl. 

*a* Sold alto in Tico Sertu, 2f. (id. and 2s. Sach. 

Lardner on the Mia-oscope. (From the Museum of 

Science and Art.") 1 ^ o^. 147 EngrainUig!). 2s. 

Lardner on the Bee and White Ants. Their Manners and 

Ilabits ; with lUustrations of Animal In.stinct and Intciligence. (From tJio " Haaeuni of Sr*iTK< 

MdAn.") 1 voLfViib ia6jitBMntioM. as., doth tattand. 

Lardner on Steam and its Uses; including the Steam 

Engine, tiir LocomotlTe, Md StMun ItevffMlaa. iWttm tka HoMiia «C ScHDoe aaa An.*} 1 mL 

09 lUostrationa. 2i. 

Lardner on the Electric Telegraph, Popniarised. With 

HX) niustratioiu). (troui th« " Museum of i>cienc«i uiiU Art.") 12mo., 2oO pages. 2». cloth lettered. 

TJw/oUowmg Worktfnm ** Lardna't Mimum of Sdeiiteaiid Art majfob^bekad 

arrttttgtda* duetibed, kandstmely half-lnntnil moneeo, etolk . ' 

Common Thlnss. Two Series in one vol., 7a. Gd. 
Popular Astronomy. Two Scries in uuc vol., 7i» 
Elaetrte Talampb with Steam, and ita Umi» IB «ne ToL, 7i. 
MiertMeope aad ropolar Phyaica. in on* tnH, Ta. 



(From the '^Museum of 



Popular Geology, and Bm Md Whlto Ants, hi one voL, 7a. 6d. 

A Guide to the Stars for every Night in the Tear, 

In Kl{;ht riaiiisi)1ieres. With an lutroduetloa. ifO. A«. doth. 

MinasVs Mechanical Diagrams. For the Use of Lecturers 

and Schools, l.^ Sheets of Pl.t^rnms, coloured, ISs.. illustrating the followin); subjects:—! and 3. 
GDOopoaition of Forces.— 8. L<4Uilibrium.-4 aiKl a. LeTers. — 6. Steelyard and lirady Ualancc, ai>d 
Daoiah Balance.— 7. Whaal and Axla.— 6. IncUnod Plaua.— 9, 10. II. Pnllaya.— Ix. Uuutarl 
Sorow.— M and id. Tootbed WlMala.^l». OmUaMaa of tiie MMhaakal Ttrnvn. 
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liOGIC. 

De Morgan's Formal Logic. Or^ The Caktdm of Ivferencey 

Kiwmiywkt PtoUble. 8to. Rs. 6d. 

De MorgafCs SyUabue of a Propoied System of Logic. 

%vo. Is. 

NeiVs Art of Pea-^nninfj : a Popular Exposition of the 

Principles of Loslc. Indactirc and Dvdactire: wiUi an Introdoctoiy OatUne of ttao Ubtoij of 
Ut«k>aBdmAf|MiidlK«ni«e«MLa«lodI>ev4D^^ CfO«ii8v«.,«uia^d«a. 

ENGiaSH COMPOSITIQir. 

NeWa Elements of Rhetoric; a Manual of ike Laws of 

TM«, tadndiiig ttw Thtforj aad PnKtlei of Oomporitton. Crown B«o. 4a.6d^dattL. 



Lineal Dramnq Copies for the earliest Instruction. Com- 

V/Utm qmrtb «r m ml|)oets on 34 sheets, mosnted on IS ptaoM of thlek pMteto«rd*lii • 
FDrtnHoi. Bj the Andwr of ** Drawing for Young Chndren." 58. 6d. 

£asy Drawing Copies for Elementary Insiruclion. Simple 

Oadines withont IVnpoettm 09 Siililwli, In • FMtfbHo. BjttM AnflNTOf **Dnwlnf DMrToong 
ChlWren." Qt,6(L 

<9Md oiM M Fvo .Sett. 
Skt I. Tventy-«lx8«l(|oeltimmaM«BfUctpiitebonl,lB«PMtA^ Pik«li.M. 

Sit U. Forrj -onc Snbjecu mounted on thick pasU-hoard, In a Portfolio. Wee 'Jd. 

Hie Copies are sofBcientljr large and bold to be i!r.i« n fhom br forty or fifty ciuldrcu gi th« tamo 



SINGING. 

The Singing Master Complete, 1 Vol. %oo. 6«. doth. 

CONSISTING OF 

I. Flmt Lriv^ni in Sincrint;. and the Notation of Moalc 8^0. la. 

II. Ui.iliM.i iif* of ttii' s icncp of H:imiony. SrOa la. 

III. The first Class iniie Ikiok. 6w. I9. 

IV. The Secom! Clitv' Tunc IJocik. 8vo is. (VI. 

V. His Ujrma Tuoe lk>ok. 7o PupuLur r»^ha au4 iiymn Tunc*. Sto. U.6A. 

*•* ^i>V Pff* "cy ^ purduutd SepantUf* 

flaw 1, 9t Mm 4 CoNTam ram Fouowim VoeaL KxnniM a9a» Momi. Sohoi. 

Abroad at Home — And Now wo Part — Bo yon to others Kind and True — Qraco boftirp Meat — 
Grace after Meat — Ho that wonld Thrive — Lost Time — Love of Truth — Love yonr Neitfhbonr — 

Let U* Endeavour — I.i-t ><i'ir I'le.-viKC — I'luuch T><'pp — Swiftly Flict rmr Time AH;iy — Timo 
and Tide — When a N\ rnry Tank you l ind it — V«>ur i'atieiKX' .iml rrtitlenof— .\b<ifnt Friends — 
Ali lialxt — A VLitiN 11 Man for all Tliat— BelU Kingins — I'.r.t.nK, Arise — ( liatt. rbox — Como 
ami S( c how Ut»n>IIy — Cimie, Let ui» Sinff — Coine, Lcl Us M.ir'::i and Sini: — Crii k' t S'lnjc - I'nys 
<>: t:ie Months — Dulce Domuni — Karly t*) Bed — i.ro Aronriil tin. Hukc f)«k - F uvwrll — 1 ilt.il 
.\(Tcrf inn — For Asre and Wnrit — Fi rLriTeuM^ — Go ili-n Kn'c — G'-'i-i Kitrht — H irk. the Lark — 
ll.irmfiniini!. B.ui'kliird ■ Han' ^' il ■1:10 — llnmc— lldtCris-i r.iins— Ik^v tlii^ \\ i:u\ i* Blowlnp — 
iitinibic Fate — Mli-nrs.'i rttiil Kimt-ri y — If ymi Gel ir,:o li- ljt — Iraprovo line i'lkssinK llc»urs — In 
the Cott.iL,'L' — Ktn<l He art — I..il>'nn Ji '•- Si<u-^ — \a-i 'Jil- Sniiies of Youth — Linnet — Love of Truth 
— LnUabv — Mnltlpttcatlon Table — l>uto, Jsccoud Fait - M.trch, and Lift Up your Voices - Ml^ht 
iitUi tlie Right — National Anthem — Neatness and iiiiiiiess — Now Let Notes of Joy — Nurxcry 
Jest — Old n-lends Shall Never be Forcot — Over the W au r- Onr Native I^d - Patrjots' 8«nK — 
Peaaanta* Son^ — Peacemaker — Pence Table — Perseverance; or. Try Agiin — Iljiy Hours — 
lYocrastination — Praise of Sprinc— Kejoice, Kcjoice — Rule Britannia — School is Begun — 8ee, 
He Comes — Sluggard — Stormy Winds - Sunrise — Time for Rest — Tit for Tat — Tm Inkle, Twin- 
kle, Little Star — TlM iionr ia Come of TwUiglit Grey — To the Good Canae— T17 Again — Wo AQ 
hofo One Another- Woleemc to School — Wei! no to our Plaeea-^Waieoiiie'-' WoO Dono— 
Whin We Go Out Together— When tlic lln^y Mnm — Wurk Away. 

*•* Seme UU Veeat Exereist^ Mont Songt. md Hymns, with tlu Uutk, may alto b€ had, frwttdtm 
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Liebig's Natural Laws of Uusbandry, 

Liebw's Familiar Letters on Chemistry^ in its Relations 

Md«ata«idwilkKMrLillMi. OnMrm«v».cl«tli. I«.ia. 

LUbi^9 Letters on Modem Agriculture. Crown 8t*o. 

Liehig's Frincipk^i of Agriculiiuxil Chemistrj/ ; loith special 

Refcreoco to tbe XnX/n Ucm-arctic^ in:ulc in £ngl,iM. Sainil ^vo. 3». Gd., doth. 

Liehif.<f ITdnd-Book of Organic Analysis ; containinq a 

detailed \cc(rant of the vKrioiu' methods uaed in dctenniiiinK th* iiJementaiy oompwtiUou of 

Gregory's Hand-Book of Chemistry. For the use of 

StadentJi. By William Oekoort, H .D., Ut« Profbuor of ChemMiy In th« Cniveriiitjr of Edinbnrgh. 
Foortta Bdltt(m,eiilMgwlMidf«rlMd. lUoMtiaM bj EagnTlogs on Wood. Cteantatolnoaalnn 
volome. itaw. Itadoth. 

Jnoboamc Ciie>ii>trt. f>M. C<1. clotll. 
Okoahic Cbemmtkt. Its., clotb. 

Chemistry for Schoda. By Dr. Lardsier. 190 lUustra- 

Hem, LofgoltDio. h.6d. 

Bunsen*s Gcuometry; comprising leading Physical and 

nirinicai lYopcTtt*^ Of Gases. togeth«rwA<lw .l l>lliodaogQioAii<<jilt» ftandotodlqrDr.BoMQe 

6^ llluslrutionn. «to. 8«. Ul., cloth. 

Fameii on Dyeing and Calico Printing. ( Reprinted from 

Pabsu.'s " Applied OMtnistiy in IbUMiflMMVN. Aita* OBd bonBeitto Eooaniiy, 1844.') WUi 
niaftMtian. ««». fik»doth. 



QSNEBAL LITEBATUAE. 

Oranfs Tabular View of the Primary Divisions of the 

AniioAi Kingdom, lalMidBd to aem « «a oodfM of 0& PwmMftifi' Odoiw of Raont Zoologj. 

8to. as. Mwed. 

Dr, Smith on Health and Disease^ as influenced by the 

DaUy, SeflMiudtiaAotlmCfdlealCliiiiffMlBllioHim^ SmlKvo. 1<li.Cd. 

De Morgan^ s Book of Almanacs. With an Index of 

BoftranoB^wUeh thoAlnwioe aMfboftmiidforevei^Tcir, irtwttiortnOMStjrtoor 

any Spodit iodnl or Moten, up to MM WUli moni of flndteKtboSMjror Vtdliloan, 

from O.O.SOW10AA. MOO. lo.,dottilenorBd. 

Guesses ai Truth. By Two Brothers. New Edition. 

with an fiidex. Oompteto, 1 foL tuoll ink Clotb. rod odgot. !€■. 6d. 

RudalVs Memoir of Ae Rev. James Crabb ; late of South- 

omptan. WUhFortnK. Ltfiollno. Iktetoth. 

HerscheU (R. H.), The Jem ; a brief sketch of their Present 

flIiloaadfOitanoBxpoetMfooi. Rop^tvo. U.MHdoili. 
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